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PREFACE 


The literature of metalliferous deposits, iii the English 
language, is by no means inconsiderable. Numerous valuable 
disquisitions have at different times been published either as 
separate works or as communications to scientific journals, but tlie 
only general and systematic treatise on the subject which has 
appeared in English is a translation of Von Cotta’s Lchn von den 
Erzlagcrstditcn^ by Mr. Frederick Prime, published at New York 
in 1870. 

Since that date much valuable information upon this subject 
has been accumulated, and the investigations of ])aubr6e, Daintre(3, 
Sandberger, and others have within the last few years thrown 
much additional light u])on the genesis of metalliferous deposits. 

The present work, which includes the results of the most 
important recent investigations, is divided into two parts. In the 
first, ore deposits in general are described and classified, while, in 
the second, examples are given from the principal mining regions 
of the old and the new woild. In this portion of the work 
many remarkable metalliferous deposits of both ancient and recent 
formation are described, while, Jis a means of forming a standard 
of their comparative importance, copious statistics of production 
are furnished. Wherever exact information on this subject has 
been available, tabulated statistics of the yield of the principal 
ore-producing countries have been supplied. This appears to be 
the only way of accurately expressing the relative importance of 
different metalliferous regions, and care has been taken to collect 
information from trustworthy sources only. 



viii PEEFACE. 

During the preparation of a portion of the work I have 
had the assistance of Mr. B. H. Brough, Associate of the 
Royal School of Mines, and formerly student at the Mining 
School of Clausthal. For a period extending over several months, 
Mr. Brough was occupied in collecting statistical and other 
information from various foreign sources, and I am further 
indebted to him for numerous useful suggestions with regard 
to the arrangement of the matter, and for the careful attention 
which he has bestowed upon the work while passing through 
the press. 

The greatest care has been taken to insure accuracy 
throughout the work, and the author hopes that but few 
mistakes will be found in it ; although, in collecting such a large 
number of facts from so many different sources he cannot 
expect to have entirely escaped falling into, error. 

The Illustrations are from the i'>cncil of Mr. Frank Rutley. 


KiSNsii^OToN, Juhji 1884, 
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OEE DEPOSITS. 

PAKT I. 

ORE DEPOSITS IN GENERAL. 

Metals whicli occur in a state of approximate' purity are 
said to be native, and 'svhen two or more such metals are 
found in combination tlie mixture is called a naiitc alloy. 
Usually the metals sought after by the miner are, however, 
not found in the native state, but are mineralizinl by uniting 
with various non-metallic bodies. In this way they combine 
with sulphur or chlorine, giving rise, respectively, to metallic 
sulphides or chlorides; with oxygen the metals form oxides, 
and with acids they yield salts, such as carbonates, sulphates 
and phosphates. 

All natural combinations of a metal with such mineralizing 
substances are called ores when the proportion of metal which they 
contain, after suitable mechanical preparation, is sufficiently large 
to admit of their being advantageously treated by the metallurgist. 
Although perhaps not strictly correct, any material obtained by 
mining that contains a workable proportion of a metal is often 
called an ore, even if the whole of the metal be present in the 
native state. 

Ores of the different metals are sometimes found in surface 
deposits, disseminated through igneous and sedimentary rocks, in 
more or less regularly stratified or bedded formations, in detached 
masses, and, above all, in veins of various descriptions. The non- 
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origin, structure, and composition appears, however, to justify their 
division into the following groups : — 

j (f. Deposits formed by the mechanical 
} action of water. 

Deposits resulting from chemical 
action. 

, a. Deposits constituting the bulk of 
metalliferous beds formed by pre- 
cipitation from aqueous solutions. 

, h. Beds originally deposited from solu- 
' tion, but subsequently altered by 

i metamorphism, 

j c. Ores disseminated through scdimen- 
tary beds, in which they have been 
chemically deposited. 

/ a. True veins. 
b. Segregated veins. 
e. Gash veins. 

(1. Impregnations, 
r. Htockworks. 

/. Fahl bands. 

//. ( Contact deposits. 

Ji. Chambers or j)Ockets. 

8 r FI ( U A L 1)K I *08] T8. 

a . Deposits fokmedpy tjie Mkchanioal Action of Water. 
— The most important siiperficital deposits of this class are those 
worked for gold and oxide of tin. These often consist of accumula- 
tions of sand and gravel formed on the banks of streams, by the 
action of whose waters the aggregation of metalliferous debris has 
been effected. 

In other cases, sui)crficial metalliferous deposits rejjresent the 
beds of ancient rivers, and are frequently of great thickness and 
of large extent. 

Surface deposits of iron ore sometimes belong to this class, 
but have more frequently been deposited in situ by chemical 
action. 

Placers. — In the case of auriferous quartz, and of the ores 
of metals distributed through a valueless matrix, it is neces- 
sarv, before the metalliferous 2 :iortions can be separated, that 

i; 2 


I. Superficial. 


11. Stratifiki). 


111. UNSTRATIFIKJ). 
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the veinstone should be more or less finely crushed ly suitable 
machinery. The pulverized material is afterwards subjected to 
the action of water, so set in motion as to allow the heavier particles, 
by obeying the laws of gravitation, to fall to the bottom, while the 
non-metal liferous matrix is carried off in suspension. All auri- 
Ibrous sands and gravels have, on the contrary, been already 
pulverized and concentrated by a natural process of a similar kind, 
and it consequently only remains for the miner to separate the 
valuable from the valueless material either by re-washing alone, 
or by ro-washlng assisted by the use of mercury. 

The most remarkable and extensive accumulations of auriferous 
gravels «are probably those of California, where they are frequently 
of very considerable thickness, and extend over areas of many 
square miles on the Pacific slope of the Sierra Nevada ^ These, which 
are sometimes known as blue (jraceU, werci formerly btdieved to b(‘ 
of marine origin, but are now recognised as materials brought 
down by tbe ageiK.'y of currents of fresh \vater from the moun- 
tains high above them and deposited, either in the beds of ancient 
rivers, or in lake-like expansions of such streams. Tliis deposition 
of auriferous detritus generally took jdace during the latter portion 
of the Pliocene epoch, as is proved by the remains of an’ ^ds 
and plants which it encloses, although some of these would aj,,poar 
to exhibit certain Miocene relationships. This deposit of detritus 
was succeeded, throughout the whole extent of the Sierra, by an 
outbreak of volcanic activity, during which the auriferous drifts 
were, to a large extent, covered by deep accumulations of asb, 
pumice, and lapilli, which were finally overwhelmed by a general 
outpouring of lava. This capping of an almost indestructible 
material, sometimes above a hundred feet in thickness, has thus 
protected extensive areas of gravel which would otherwise have 
been swept away. 

The most important chemical change which has taken place in 
these gravels subsequent to their deposition, is silicification, which 
becomes evideijf^ an^ examining the various organisms which are 
found embedded fh them. The quantity of wood buried in these 
dctrital masses is very large, and by far the greater proportion of 
the trees so found have been converted into opal. These tree trunks 
sometimes bear evidence of having been worn by the action of the 
currents which bore them along together with the stony detritus 

^ J. D. Whitney, “ The Auriferous Gravels of the Sierra Nevada of California,” 
MeTTwirs of th<e Musev/m of GoviparcUive Zoology at Harvard Collegey vol. vi. 
1880 . 
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iu which they finally became enclosed. In some cases, fragments 
of wood are met with which had been more or less completely 
converted into lignite previous to silicification. This partial con- 
version into lignite may often be observed in specimens in other 
parts of which direct silicification has taken place ; so that tlie two 
ends of the same fragment may resemble, respectively, jet and opal. 
The transition from silicified wood to silicified lignite is, however, 
very gradual, although both often retain their original woody 
structure. 

The following analyses of specimens of silicified wood and 
silicified lignite, made in duplicate by^ the author, will serve to show 
the difference in their respective compositions : — 



Bilicillfiil 

1 

ISilioiried 

Kigpitr. 


Sp.gr = 

= 1 

8p. gr 

=. 1-05. 


I. 

11. 1 

1. 

1 11. 

Water . . 

1 5-77 

r>*Ho i 

4*41 

4-40 

Silica . . 

92*43 

92-26 ' 

80 04 

79-S2 

Alumina , 

trace. 

trace. | 

trace. 

trace. 

Ferrous oxide 

•90 

•88 , 

•92 

•87 

Lime . . 

. ; *12 

•18 ! 

•10 

•16 

Potash ... 


•37 

•37 

1 *30 

Soda 

i i 

•18 

*20 

•22 

Carbonaceous matter, ^e. 


' — 

14*00 

1 13 92 


99*83 j 

99*t)7 

]()()•] 0 

' 99*75 

1 


Both specimens were obtained from the trunk of the same 
tree found in the auriferous drift under a volcanic capping, near 
Nevada city. 

These results show that although all traces of organic matte]* 
have disappeared from the silicified wood, the silicified lignite 
still retains 14 per cent, of woody material. The gravels of 
which auriferous deposits are composed have in many instances 
become firmly consolidated by a siliceous cement, and cases in 
which large transparent crystals of quartz have formed in the 
cavities between contiguous pebbles, are by no means unknown. 

In addition to bones and teeth of the mastodon and of other 
extinct mammals, human remains, together with various rude 
works of art, are stated, on trustworthy authority, to have been 
discovered in these gravels. The remains thus found are supposed 
to include the celebrated Calaveras skull, which is stated to have 
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taken from the auriferous gravel at a depth of above 120 feet 
from the surface, and beneath a capping of dense black lava. 

A.niong the works of art may be mentioned several curious 
stone implements found in the gravels under Table Mountain 
in Tuolumne county, covered by 150 feet of lava. These 
include stone spear-heads, many inches in length, mortars cut 
out of granite, and various stone scoops and ladles with well- 
shaped handles. The evidence on this subject appears to be now 
fairly established, and would lead to the conclusion that man 
must have existed in California in Pliocene times, and that he was 
contemporaneous with the mastodon and other extinct animals. 

The classification with ** superficial deposits " of auriferous 
gravels which are not unfiequently covered by a flow of lava, 
might at first sight appear a misnomer; but a volcanic capping 
is by no means universal, and the uncovered beds of this age 
are of the greatest im])ortanco to the miner. They yield a very 
large proportion of the gold annually obtained in California, 
and are usually worked by the process known as hydraulic 
mining. This consists in attacking the bank of auriferous 
material with one or more jots of water issuing from nozzles, 
sometimes six inches in diameter, which are connected by a 
column of wrouglit-iron pipes with a reservoir from 200 to 400 
feet above the level of the discharge. In this way an enormous 
mechanical force is obtained, and the bank, unless niu(*h con- 
solidated by cement, is rapidly undermined and broken down. 
The water, with the disintegrated sand and gravel resulting 
from this operation, is conducted through large sluices pro- 
vided with grooves or “riffles,” into ^^hich mercury is intro- 
duced for the purpose of retaining the gold. This method of 
mining cannot, however, he applied except in localities where 
there is a ])roper fall for the sluice, and at the same time a 
sufficient depth below its outlet for the accumulation of tlie 
resulting rubbish or tailings. Every river flowing through tlie 
auriferous belt of the Sierra Nevada has acted as a natural sluice, 
the inequalities and the upturned slates of its bed taking the 
place of riffles for the retention of gold, derived not only from the 
immediate disintegration of auriferous outcrops, but also from thi* 
re-washing of older gravels. There will therefore be no difficulty 
in understa!nding the nature of the process by which a large 
amount of the precious metal has become concentrated within a 
comparatively limited space, and, consequently, that during the first 
two years after the discover}^ of gold in California, a vast majority 
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of the miners were occupied on “ river diggings.” These natumily 
enriclied accumulations having eventually become exhausted, it 
became necessary to attack tlie original more abundant, but poorer, 
gravels lying at greater elevations above the valleys ; and in order 
to do this with advantage, a cheaper method of working than had 
hitherto been employed was required. This was supjdied by th(‘ 
hydraulic system of mining, first introduced in 1852, and at tlu' 
present time a considerable portion of the gold contributed by 
California is obtained from Pliocene gravels. 

It is remarkable that the auriferous gravels of Victoria are of 
approximately the same geological age as those of California ; 
they, however, more frequently than in the latter country represent, 
the beds of ancient rivers once flowing through valleys which 
have subsequently been filled by the outpouring of volcanic matter. 
Victoria does not generally possess fixeilities for the emjdoyment of 
the hydraulic process, and the principal part of the placer gold 
found in that country is consequently obtained by mining bem ath 
a capping of oomi)act lava. 

In consequence of the absence of marine 'IVutiary (Ie])osits in 
New South Wales, and the occurrence of a mure complete series of 
strata in the Carboniferous formation, it is difiic^ult to cornda.te 
precisely the gold deposits of that country with those of Victoria, 
it is, however, generally admitted that they occur in Tcrtia-ry 
strata, and are often of Pliocene age, although ceiiain gravels 
which may be possibly Miocene are also sometimes auriferous. 

Among surface de]30sits resulting from the iiuichauical action 
of water are those streaks of titaniferous iron sand, often found oji 
sea beaches along coasts largely couqmsed of certain igneous rocks. 
The disintegration of such rocks liberates crystals of magnotitx' 
and of titaniferous iron ore, and these minerals being heavi('r than 
the felspar, quartz, &c., with which they are associated, beconui 
concentrated by the action of the waves. Large accumulations of 
black sands occur along the shores of the Bay of Naples, at 
Taranaki in New Zealand, between Point Mendocino in California 
and the mouth of the Umpqua lliver in Oregon, and particularly 
in Canada on the north shore of the St. Lawrence, from tlui Mois(‘ 
River eastward. The ferruginous sands are here deiived from the 
waste of the norite or labradorite rocks of the U})per LaurontiaTi 
series, which are largely made up of labradorite and h}pcr- 
sthene, with magnetic and titaniferous iron ore, <kc. At Mingan, 
Natasquan, and at several other points along the Labrador coast, 
iron sands occur under generally similar conditions. The production 
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of cast-iron from these sands is rendered difficult by their 
extremely fine state of division, but they have sometimes been 
advantageously employed for the direct productioii of blooms in the 
open fire. The black sands on the coast of California are not 
unfrequently auriferous, and are sometimes washed for the gold 
which they afford. 

Nearly the whole of the gold produced in the Russian empire 
is obtained from placer washings, vein-mining being exclusively 
confined to the Ural Mountains, and is even there carried on 
upon a very limited scale. The gold-bearing alluvium of the Ural 
is sometimes a heavy clay, while in other cases it is made up of 
water-worn fragments of auriferous quartz, chloritic and talcose 
schists, serpentine, greenstone, &c. 

Remains of various extinct animals occur deep down in these 
gravels, usually in the vicinity of the bed-rock. They include bones 
of Mephas primigenius, Bos aurochs, and Rhinoceros iichorhinus, 
which are likewise found in the gravels of western Europe. Some 
of the auriferous gravels of the Ural repose upon a water- worn 
bed-rock of hard highly-inclined crystalline limestone, believed to 
be of Silurian age ; in other cases they lie on a talc schist, or on 
a soft granitic rock containing pyrites and but little mica usually 
known as leresite. The two Jast-named rocks are traversed by 
veins of auriferous quartz. 

Platinum generally occurs with gold in auriferous gravels, 
and is seldom found without that metal except at Tagilsk and 
Goroblagodatsk, in the Ural, where there is little or no gold. 
Platinum is obtained from placer diggings only, and has not 
been found to any considerable extent in situ, although grains of 
this metal are said to have been observed in the quartz of the 
mines of Beresovsk. In tlio districts in which platinum occurs 
unaccompanied by gold, the rocks in the neighbourhood of the 
deposits consist of serpentine and peridotite, while fragments of 
these rocks predominate in the sands and gravels. Chloritic and 
talcose schists, together with chrome iron ore, are to some extent 
present. From the constant occurrence of this metal in association 
with gravels mainly consisting of peridotite and serpentine, it 
is thought that platinum originally existed in the form of grains 
disseminated through these rocks. In addition to gold and chrome 
iron ore, platinum is often associated with iridium and iridosmine. 

Strcamivorks . — The detrital tin ore of Cornwall may be 
grouped under the following heads : — 

a. Tin ore forming a constituent of river gravels and sea- 
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beaches actually in progress of formation. The tin ore of such 
formations usually occurs in angular or sub-angular particles. 

h. That found in ancient stanniferous valley-gravels. These 
occur at all elevations up to about 700 feet, but are invariably in 
the immediate neighbourhood of considerably higher ground. 
Deposits belonging to this class were formerly very extensively 
worked, and have, in the aggregate, yielded large quantities of tin 
ore. 

c. Pebbles and grains found in the “ head ” or angular ddh 7 is 
constituting the overburden of the china-clay districts. This 
differs from the older quartz gravels of some parts of western 
Cornwall in being both coarser and more angular. Tin ore is also 
found disseminated through the soil in the vicinity of tin veins. 

d. The pebbles and grains of tin ore found in the most ancient 
liigh-lying^ quartz gravels, such as those of St. Agnes Beacon. 

Tin streaming, although upon a very restricted scale, is still 
carried on in Cornwall on some inconsiderable stanniferous 
deposits ; but the deeper and more extensive valley-gravels, which 
were formerly so productive, may now be regarded as practically 
exhausted. 

The sections laid open by the deeper Streamworks were by no 
means of uniform interest, but those exposed in Par Valley, at 
Pentewan, and near the estuary of the Fal may be regarded as 
among the most important and instructive. 

The Happy Union Streamwork, which has now been closed for 
more than forty years, was situated near the dStncchenmit of the St. 
Austell valley at the port of Pentewan. Through this valley flows 
a stream of moderate dimensions resulting from the union of 
various rivulets which take their rise on the southern slope of the 
granitic hills of Hensbarrow. These unite their waters a short 
distance above the town of St. Austell, and two miles further down 
the valley receive, through a westerly depression, those collected on 
the high grounds in the vicinity of tlie ancient tin mine of 
Polgooth. 

The fall of this valley, in the four miles which intervene between 
the bridge at St. Austell and the port of Pentewan is 115 feet, 
while its width varies from 100 to 200 yards. 

The junction of granite with clay slate takes place a short 
distance above St. Austell, and consequently the bed-rock of the 
valley, throughout the last four miles of its course, consists entirely 
of slate. 

According to Mr. J. W. Colenso, the Happy Union Streamwork, 



ORE DEPOSITS. 


10 


[PAKT 1. 


which may be taken a.s a typical example of deposits of this class, 
exhibited the following section : — ^ 

1. River sand, silt, (^c., 20 feet. 

2. Sea sand, 20 feet. 

3. Silt, 2 feet. 

4. Sea sand, 4 inches. 

r>. Silt, 10 feet. 

(). Leaves, nuts, acorns,^ &c., graduating into 6 to 12 inches 
of silt, and 1 2 inche.s of deco]n])o.s(irl vegetable matter. 

7. Tin ground, 3 to 10 feet. 

8. Bed-rock of clay slate. 

These varioins di'posits were made up of the following con- 
stituents : — 

1. — A bed of rough river sand and gravel mixed with sea sand 
and silt. At tlie bottom of this, and extending into* the bed 
immediately beneath it, was found a row of wooden piles six feet 
in length, sharpened at one end for the convenience of driving. 
These, wdiich had apparently formed part of a foot-biidge, crossed 
the valley nearly at right angles; their tops being about level wdtli 
the present low-\va,tor mark at spring tides. 

2. — -A stratum of sea sand, also about 20 feet in thickness, 
resting u])on silt. Throughout this sand were scattered large 
timber tn*i*s, principally oak, strewn in all directions, together witli 
bones of the Irish elk, Mrifturro}^ hibcrnini>^, and of an ox. Bos 
2 )riini(jenii{Sj l)oth belonging to extinct species. The bones of a 
large whale and two human crania were likewise discovered in 
this sand. 

3. — Beneath the Si'a sand w’ere 2 feet of silt enclosing a. few 
stones, and, oeca.sionally, bones wdth fragments of wx)od. 

4. — A stratum of sea sand only, 4 inches in thickness, dis- 
tinguishable from river sand by being finer and by eimtaining 
fragments of marine shells. 

5. — Beneath this was a layer of silt or ‘'sludge’' 10 feet in 
thickness, varying hut little in texture, although its colour w^as in 
some places darker than in others. In this were numerous 
marine sliells particularly tho.se of Cardhtm cdnle, together with 
bones and horns of the deer and ox. The bivalve shells frequently 
occurred in regular layers, and when found were closed with their 
articulations dowmw ards, thus justifying the opinion that the animals 

* Tram. Roy. Gcol. Soc. Cornwall^ vol. iv. 1832, p. 29. 

Although Mr. Coleuso does not mention acorns in his nicinoir, they were often 
found in this Inver. 



TAUT l.J 


8UPICRF1C1AL DEPOlSITS. 


11 


had lived and died where their shells ^Yere discovered. In this silt 
was a piece of wood evidinitly fashioned by human atrency, which 
had probably floated in the sea, since the shell of a barnacle was 
attached to one end. 

C. — A layer of leaves, hazel nuts, acorns, sticks ainl moss, 
varying fiom 0 to 12 inches in thickness. The moss, which was 
in a very perfect state of preservation, extended across the valley, 
and had the ap})earance of having grown where it was found, at 
a depth of about fifty f(*et below the present level of the sea 
at high water. Beneath this was a stratum of dark silt 12 inches 
thick, much mixed with decomposed vegetable matter. 

7. — To this followed the tin ground, or stndum in which thc' 
whole of the tin ore was found. This lay on the solid rock, varied 
in thickness from to 10 feet, and usually extended completely 
across thc valley. The stony constituents of tliis stratum were 
rounded fragments of the granitic and schorlaceous rocks forming 
the hills north of St. Austell, hut fragments of both “greenstone ” 
and clay slate were occaisionally met with. 

By far the larger portion of the tin ore lay at the bottom oi‘ 
this stratum; but it was also sometimes found in the higher 
portions of tlie bed, when^, for a thickness of a few inches, tin' 
ground was blackened by tin', presence of tin oxide. The frag- 
ments of ore varied in size from the finest sand to pebbles of t(m 
pounds in widght, wliile boulders, richly impregnated with cassitO” 
rite cand weighing above two hundred pounds, w ere not of uiifnupient 
oecuiTonce. A few grains and small nuggi^ts of gold were picked 
up from among tin? tin (»re, but the remains of no verte))rate 
animals were ever observed in this horizon. Stum])s and roots 
of trees wdiieh liad evidently grown and fallen nj)on the sam(‘ 
spot were, however, not uncommon, wliile imnn'.diaiely on the top 
of the tin ground an oyster hed was discaivored with the 
shells still firmly attached to the larger stones and to stumps 
of trees. 

8. — The floor or bed-rock upon which tliese deposits rested is a, 
blue “ killas or clay slate of tin? kiinl conifiosing the adjoining 
hills and neighbouring sea-cliffs. In many jdaces this rock showed 
indications of erosion, while in others no evidence of any kind 
of abrasion could be detected. 

The bottom of the tin ground at Pciitcwan w^as about sixty feet 
below the present level of high water, and there can be no douhf. 
that the stanniferous gravels were deposited prior to thc growth of 
the woody stratum above them. Similar phenoimuia have been 
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observed in the Par Valley, at Camon, in the Fal estuary, and 
in various other localities. This indicates a general subsidence of 
the land, and the existence at a former period of a more extended 
coast-line. On the (jther hand, a connection has been traced by 
Mr. Came between a forest bed covering tin ground in the Marazion 
Marsh, and the submerged forest in Mount s Bay ; which further 
points to a general correlation between the forest beds over the 
tin ground, and the well-known submerged forests around the 
south-western coast of Cornwall. 

At Huel Virgin, a mile higher up the valley than the Happy 
Unif)n Streamwork, the overburden contained no sea sand, but was 
composed of silt and gravel only ; the tin ground being found at 
a depth of thirty-two feet below the surface. Here, resting on 
the tin-ground, were found two pieces of oak artificially pierced 
with holes, as were also several oak stakes sharpened and driven 
into the ground. Tliis Streamwork was worked in the usual way 
by an open t(‘rraced cuttitig, while the water flowed through a 
culvert to suitable pumping machinery. 

It is a remarkable fact, that whenever this excavation was 
allowed to remain open sufficiently long, certain plants invariably 
made their appearance along given horizons, to tlic almost total 
exclusion of all other s])ecies. In this way the first warm weather 
after tlu'. ground was opened, brought with it from a band of bluish 
silt about 10 feet from the surfac'C, on abundant crop of 
foxglove, DigiUvlis pnrpnrm ; while in a barid of clay «about 1 5 
feet above the tin ground, a dark rough-leaved willow, not common 
elsewhere in the district, grew most abundantly. 

The cassiterite of Cornish Streamworks is in the form of more 
or less rounded massive fragments, as water-worn crystals, and as 
wood-till. With hut few exceptions all the larger fragments bear 
evidence of attrition, and tlu re can be no doubt that, as a whole, 
the tin ore has been brouglit together by the mechanical action of 
water. 

There are, however, in the British Museum, as well as in the 
Museum of the Royal Geological Society of Cornwall, fragments of 
antlers containing tin oxide, which appears to be pseudomorphous 
after the organic tissues. Many of these fragments are stated to 
have been found in the Streamworks of the Pentewan and Carnon 
valleys. Some of the specimens preserved in the British Museum 
appear to contain a large quantity of tin, as in many parts the 
original structure seems to be almost entirely reproduced as 
cassiterite. 
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A specimen from the Penzance Museum, analysed by Mv. J. H. 
C'Ollins, gave the following results : — 


Calcium phosphate 80 04 

„ carbonati* 2*24 

„ fluoride *50 

Iron disulphide PGO 

Ferric oxide *62 

Stannic oxide 2*G0 

Silica ’22 

Organic matter anil loss 1212 


100-00 

A microsco})ical examination of this antler showed that the 
oxides of tin and iron, as well as the pyrites, bad penetrated to 
the interior of the mass, and were visible throughout its structure, 
although th('y aix'. somc.'what more abundant on the outside than 
towards the rnidillt\^ 

Although the Streamworks of Cornwall have long be(‘n practi- 
cally exhaust(‘d, largo (luantitics of detrital tin ore ar(‘ still annually 
obtained in various parts of Australia, and in M.alacea, Ihinca, 
and Billiton, in the Indian Arcliipidago. 

}). Deposits kesultino fkom (Jhemk'al Action. — The most 
important surface deposits belonging to this ela,ss a-n* those of bog 
and lake iron ores. These, which often contain oxid(i of manganese, 
although generally soiiK^what impur(‘, arc essc^ntially hydrated 
peroxide of iron (H(.Fe.,Og}, containing when ])ure, 14’42 p(*r cent, 
of water. Phosphoric acid is, however, frcKj^uently pre^sent in 
sufficient quantity to affect their value as a source of iron. 

Although not at present niueli worked in Great Britain, these 
ores probably to some extent supplied the earlier forges established 
in the Weald of Kent and Sussex, which, during several centuries, 
furnished a very considerable proportion of the iron manufactured 
in England. The ore chiefly employed was, however, a clay iron- 
stone obtained in the immediate neighbourhood. Bog and lake 
iron ores occur plentifully in various parts of Eiirope, par- 
ticularly in North Germany, Sweden, Norway, and Finland, 
and are largely employed in the manufacture of iron. Bog iron 
ore is abundant in the United States and Canada, and in 
the latter country it is somewhat extensively employed. This 


^ Mincralcgiml Magasdno, vol. iv. 1882, p. 11 T). 
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mineral is sometimes hard and compact; while at others it is friable 
and granular, occasionally enclosing the petrified forms of vegetable 
organisms. Concretionary nodules, as well as oolitic and pisolitic 
forms of this ore, are of frequent occurrence. In all cases it is the 
result of the alteration of other mineral substances containing iron 
when acted upon by air, moisture, or acirls, and is, to a large extent, 
due to tlie oxidation of pyrites, and to the action of carbonic acid 
upon sideritt', &c.. The decomposition of various ferriferous 
minerals, su(jh as mica, augite, and horiihlonde, also contributes 
larg(‘ly to the formation of ores oj‘ this class. 

Large quantities of lake iron ores are amiiially obtained in 
Norway iind Sw(‘.den by dredging from the bottoms of the lakes 
so numerous in those countries. The ores may occur either on the 
sjjot in wliich they have been precipitated, or tljcy may, on the 
contrary, be earth'd by the force of running water into lakes or 
ponds at sunn* distance. They are, however, usually found in 
the neighbourhood of rush-banks, and on the slopes and shallows 
of some of tbe^ larger and (lec])er ]ak(‘S, in patches varying greatly 
in extent and thickness. The w'ork of collecting Ibese ores is 
limited to the winter months, when, the lakes being frozen over, 
they are obtained by breaking boles in the ice and scooping them 
up by moans of perforated sliovels. Ores of this class are being 
continually r(‘[)ro(luced, and lakes in wbicli they liad b(‘eome com- 
])let(‘l 3 ^ exhausted by dicHlging, havt^, after the lapse of a quarter 
of a century, been again found to contain beds several inches in 
thicknt'.ss, vbicli must necessarily have been <le])Osit<‘d during that 
j)eriod. 

Attention was first called by Kindler to the importance of the 
t‘ffcc4s ])roduced b}^ dec.aying vegetable matter on the solubility of 
ferric hydrates.^ He obscawt'd tliat wliere ])iiie trees bad been 
])lanted upon sand-hills in such a ]»o.sitioii that falls of sand were 
occasioned by tlie action of running water, the ferruginous and 
quartzose sand w'as rendered colourless around decaying roots, and 
that it became in the course of a few months as white as if it bad 
been treated by an acitl. The action of a root one-sixth of an 
inch in diameter whitens the .sand to a distance of from one to two 
inches around it, 

A remarkable bed of compact and exceptionally pure iron ore 
of this class forms the capping of a bill at Rio Tinto in the 
province of Huelva, Spain, in close proximity to the celebrated 


Poggcndorjlf s Annalcn d<ir iiinl Chcmicy vol, xxxvii. 1S3S, p. 203. 
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copper mines of that name. In Soutlieni Spain deposits of cupri- 
ferous iron pyrites, having a general direction somewhat north of 
west and south of east, extend from near Seville to within the 
Portuguese frontier. At Rio Tirito the deposits of this mineral are 
very extensive, and consist of a compact and intimate admixture 
of iron pyrites with a little copper ])yrites, through which strings 
of the latter mineral sometimes ramify. 

Although these mines have been worked, and the copi)er 
smelted, from time immemorial, it is evident from coins which 
have been discovered, that their great development under the 
Romans took place during the first four centuries of the Christian 
era. The })revailing rocks throughout the region are clay sla,U‘s, 
which, from the evidence of various fossils^ arc aj)})areutly of 
Silurian, Devonian, and Carhoniferous age. These slates are 
broken through hy dykes of (piartz-]>orphyiy^, which frcupiently 
form one of the walls t)f tlie dej)osits of cu])rif(‘rous ])yrites. 


s ^v 


N.K. 


Ric 

Dam t^nca Agru 



C rrre dc 
lasXncas 


Si'uth 

,oUi 



I 


( C7‘tO 

>'alcnwn 



! 


2) I’orpliyry. » Sljilc. i hon I Lodt*. <• On j •pin;.': of lode 


I'lc 1 'J r.iiisvi ih<5 Seriion : Uio Tuito 


Fossiliferous iron ore forms a ca]) thn'c-lifths of a. mile long, 
with an average width of 140 yards, on t-lui t(jp ol’ the M(isa cle 
los Pinos 0S4 yards south of the great o])en cutting at Rio Tinto. 
Its surface is .‘i])proximately hwel, but its dejdli varies from one to 
seventeen yards in accordance with the conformation of the 
surface of the rock u])on which it lies. The slate beneath it is 
blcacdied and to some extent dc5Com])o.sful. 

The relative positions of the several forinations will be under- 
stood on referring to Fig. 1. 

On the extreme right is a broad hard porphyritic dyke forming 
the north wall of the south lode, next to which is the great vein 
of pyrites, which at this point has only one-third of its greatest 
width. Next in succession, to the south, comes a hand of slate 
which is again penetrated, on the left, by a broad dyke of quartz- 
porphyry, now much decomposed. The upper part of the jjyrites 
vein has, to a considerable depth, been converted into a ferru- 
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ginous capping, of which a large portion has been removed by 
denudation. The stratum of iron ore forming the surface of the 
Mesa de los Pinos has precipitous sides ; and a small outlying patch 
of a similar formation occurs, within a metre of the same 
elevation, at the Cerro de las Vacas. Numerous fissures occur in 
the surface of the larger deposit of iron ore, and, out of these, pine 
trees formerly grew, their presence giving the name to the 
locality. 

An exceptionally pure specimen of this iron ore aftbrded on 
analysis the following results : — 


Water 13 •20 

Silica 1*53 

Ferric oxide ■ 84’65 

Alumina trace 

Phosplioric anhydrale ‘14 

Sulplmr . . ‘ -23 

09-80 


During the process of (piarrying this ore, the presence was 
observed of the fossil remains of the leaves and seeds of plants 
belonging to species still growing in the noighbouihood, as well as 
of several well-prc'servi^d beetles. 

Any doubt as regards the recent character of these fossils 
has been reniovecl by Mr. W. Oarruthers, who found the speci- 
mens from Kio Tinto to contain fragments of the following 
])lants, which ho was enabled to identify : — Leaves and acorns of 
Quercus ileXy Linn. ; leaves and seeds of a two-leaved species of 
PivuSy most probably Pinns piveay Linn. ; the cone of EqvAsetum 
arvcnscy Linn. ; and a small branch of a species of Prim. The greater 
portion of some specimens of the ore represented a thick growth of 
moss, but it was impossible to say of what species. The whole 
was permeated by minute branching roots, showing that the 
vegetation was formed as a peat-moss, the oak and pine leaves 
having been carried or blown into it. The plants evidently belong, 
all of them, to species still found growing in Spain. In addition 
to these fossils, this deposit occasionally contains minute concre- 
tionary patches of imperfectly crystallized quartz. 

The origin of this deposit of iron ore can scarcely be doubtful. 
At the time of its formation a marsh or shallow lake extended 
from beyond the Mesa de los Pinos to the foot of Cerro Salomon, 
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and into this flowed solutions of iron salts resulting from the 
decomposition of the upper portions of the immense mass of 
pyrites constituting the south lode. From these salts oxide of iron 
was deposited, as in the case of bog iron ores geiu‘raUy ; and 
finally the valley of the Rio Agrio was eroded, as well as that 
south-west of the deposit, leaving the Mesa capped witli iron oih^, 
while a small patch of the same mineral was left at the Cerro do 
las Vacas. 

That this deposit took place at a comparatively recent date is 
evident from the fossils it contains, and it is ecpially certain that 
the erosion of the valley is older than the occupation of the district 
by the Romans. Not only are remains of buildings and other 
works belonging to the Roman period found in the Viilley, but the 
Roman gravestones, of which many are still scattc;red over the 
district, are invariably made of this iron ore. 


»Stratifiei) Deposits. 

Ore beds are metalliferous aggregations interpolated between 
rocks of sedimentary origin belonging to every geologicfd oge. 
They lie parallel to the. stratification of the enclosing rocks, and 
follow all their contortions. In this way ore beds form sjnclinals 
or basins and auticlinals or saddles, of which the upper portions 
are often removed by deuudati<m. 

When a bed has been tilted from a horizontal position its 
inclination towards the horizon is called its dip, and the amount 
of this dip may be stated either in degrees, or by saying that it 
falls a certain number of feet or inches in a given distance. The 
line at right-angli‘s to the dip of a bed is calhid its strike^ and is 
described as its line of compass bearing, either true or magnetic, 
though the fonner is to be preferred. 

The dip may consequently be defined as the line of greatest 
inclination that can be drawn on the surface of a bed, while the 
strike is the line at right angles to its dip. 

The line along wliich a bed cuts the surface of the ground is 
called the outcrop or basset, and this, where the surface is horizontal, 
will correspond with the strike. Under no other circumstances 
will this be the case unless the bed be absolutely vertical; for 
all other inclinations the outcrop will wind around with the 
irregularities of the surface, the deflections becoming greatest 
where the dip is least considerable. 
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The layer immediately beneath a metalliferous bed is called 
its /(?or, while that which lies directly above it is its roof. The 
thickness of a bed is measured by a line perpendicular to its 
floor and roof. The thickness often varies considerably in different 
parts, and the, be<l njay gradually thin out and finally dis- 
appear. In many cases tliere are no very sharp limits between a 
metallifc^rouH bed and the enclosing rocks. 

SuiiK^ bods consist of one or more layers of a compact ore, such 
as linK>uite, hannatitc;, or siderito, distributed with considerable 
regularity throughout ; the amount of ore depending on the 
thickness of the dejM>sit. In other metalliferous beds, and 
espcicially in those consisting of sphserosiderite, the ironstone 
forms noduhis enclosed in ])articular zones of a stratified rock. 
A true orci bed tujver poss(‘SSCs a C()mbe(l structure made up of 
symmetrical layers such as is common in mineral veins, and is 
usually without tlie (‘lystalliue texture so frecpiently observed in 
veinstones. 

Like all otlier rocks, metalliferous beds are fn^cpieutly divided 
by fissures; these are sometimes men* rents; but there is often not 
oidy a severance of the strata, 1)ut also a displacement of the rocks 
HeV(‘red. In tliis way ]K)itions of beds which were originally 
continuous are found aX very difteiviit levels on the opposite sides 
of a fissure, and hundreds of feet may intervene between th(' 
disunited portions of a IxmI once upon the same plane. In such caS(‘S 
tiio fissure, is by geologists called a fault, and is known anumg 
miners as a dij), Jauar, throw, troahlr, or cJurl:. The amount 
of disturbance produced by a fault, mejisured vm'tically, is call(Kl its 
throw, and is often sp('ken of as an upthrow or a downthrow, 
according to the side from which it is appjroached by tlie workings 
of the miner. When the surface is horizontal its amount may be 
measured perj)iendicularly from tin' outcrop, but when this is not 
tlie case it is measured from an assumed horizontal plane. If a 
bed, where it is cut by a fault at a, Fig. 2, be 50 yards from the 
surface A B or from an imaginary horizontal line, and the 
other portion of the bed on tlie opposite side of the fault be at 
h 100 yards belovy the saine line, the throw of the fault is 
said to bo 50 yards without regard to the distance measured 
horizontally either from A to B or from a to h along the fault. 
When the outcrop of a bed is cut by a fault, the distance between 
the two parts of the broken bed, measured at rigljt angles to 
its strike, is usually spoken of as the heave of the fault. The 
character of a fault is much influenced by the hardness and 
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rigidity of the rocks traversed by it, while its eftect mainly depends 
on the peculiarities of the beds through which it passes, w ith regard 
to their amount of dip and degree of contortion ; the result is also 
much influenced by the direction and inclination of the fault 
itself. 

When beds of a. soft and yielding nature are traversc^d by a 
fault, the fissure is often bounded by two mere planes of division, 
the surfaces of wliich are freqiuuitly polished and striated by 
the friction to wdiich they liave been subjected. These polished 
surfaces are known under the name of slicl'nisii/cH, and occur 
most numerously in tlie ncughbourhuod of mineral veins, ajid 
in rocks which have been much subj(‘ct(Hl to disturbing in- 
fluences. In sonu*. cases, although the ])lanes bounding the 
fracture along the lim‘ of fault, may be apparcniily sliarp and clean, 
the beds on either sid(‘ are tra.v(‘rstid by numerous subordinate 
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slickensides, as tliough a tnuuulous grinding motion had b(‘en 
communi(^ated to tlu) l>eds for some distance. 

In many cases be<ls end abruptly at a tanlt without any kind of 
distuiban(‘e in their direction, as seim in Fig. .‘1, wdnuo tb(‘ throw is 
measured by the vertical distance between the two [)ortions of tln^ 
beds a, />, c, or d, rcsi)Octively. They soin(‘tinios, however, app(?ar 
to have been, to some extent, tlistorted and bent out of their original 
position along the ]»lano of fault. This bonding of the beds 
usually occurs in tln^ w\ay indicated in Fig. 4, as might be antici- 
pated from the supposed nature of the inotiori wdiich has taken 
]>lace, and tliey an; tlnm sai<l to dip to ihe dmvvthnno muX rinefolhr, 
upikTOV). J. Beete Jukes states that he had fj'equently been told 
by coal miners that the reverse of this bonding sometiinc.s takes 
place, and that he bad himself scon an example of this reversed 



ORE DEPOSITS. 


20 


[PAET I. 


flexure at the Himley Colliery, near Dudley, but was unable to 
explain its cause. ^ 

A series of parallel faults situated at short distances from one 
another sometimes traverse a district for considerable distances, and 
if the throws are all in the same direction, they break up the strata 
into a number of steps as shown in Fig. 5. 



When any of the throws arc in contrary directions, it is mani- 
fest tliat an irregular disruption of the bods must be the result. 
It has been suggested that in speaking of the inclination of 
faults, it might perhaps be better not to employ the term dip, as 



Fm. 4,-~Beds distorted by a fault ; section. 


in the case of beds, but to adopt that of hade or underlie^ were 
it not for the fact that miners generally use the terms hade and 
underlie in the sense of an inclination from the vertical. The 
underlie is the complement of the dip, which means the inclination 
* “The Student’s Manual of Geology,” 3rd Edition, 1872, p. 201. 
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from the horizon, and thus a plane which dips CO"* will underlie 
30° from the vertical. When, therefore, tliese terms are used, it is 
necessary that it should be understood in what sense they are 
employed. The word dip is always intended to express an inclina- 
tion measured from the horizontal, wdiile hade and underlie are 
employed to signify an inclination from tlie vertical. 

Faults are sometimes perpendicular, and their throw is then 
not attended by any horizontal displacement ; they are, however, 
much more frequently inclined, and their dip is almost universally 
in the direction of the downthrow. When such is the case it 
follows that whatever may be the inclimition of a fault, no part of 
any bed can be brought vertically beneath any other ]>oi‘tion of 
the same bed, nor can any su|)erior strata be hronglit immediately 
under those originally above them. Exceptions to these rules 
occur in rare instances only, and are known by the nanu^ of 



reversed favlts. A diagrammatic representation of such a fault is 
given in Fig. 6, where it wall be observed that the bods on the 
right of the fissure must either have been forced upwards, or 
have remained stationary, while those on the other side were 
carried downwards along the line of fissure. Although the 
occurrence of reversed faults is decidedly exceptional, they 
nevertheless, occasionally met with. 

It is manifest that when strata which liavci been mucli 
contorted are traversed by faults differing from one another botli 
in dip and in direction, the changes resulting in the relative posi- 
tions of the beds will sometimes be of a very ])crj>k‘xiug 
character. A consideration of complicat(*d examples of faulting 
would occupy more space than can be here devoted to the subject, 
but a careful study of such phenomena on the ground, having due 
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regard to the foregoing general rules, will enable the observer to 
unravel all ordinary complications which may present themselves. 

a . Deposits constituting the bulk of metallifkkous 
Beds fokmbd by precipitation from Aqueous Solutions. — Of 
all metalliferous ores those of iron and manganese occur 
most frequently in the form of beds, but although tliey are found 
in formations of all ages, their maximum development is in the 
older rocks. The Carboniferous rocks of both England and 
America are especially rich in interstrati fied beds of argillaceous 
ironstone. Argillaceous carbonate of iron is one of the most im- 
portant sources of iron in the United Kingdom, and furnishes a 
large pro])()rtion of the ir<m annually produced. The most 
important deposits of red hiematite in this country are enclosed 



in hollows in the Carboniferous Limestone ; they sometimes 
assume the form of irregular beds, and are regarded as being of 
Permian age. 

Argillaceous carbonate of iron is found either interspersed 
through the clays and shales of the Coal-measures, or, less frequently, 
among the argillaceous members of Secondary or Tertiary strata. 
The nodular variety, which is the most abundant, essentially 
consists of carbonate of iron associated with carbonates of lime, 
magnesia, and manganese ; it also invariably contains a consid- 
erable proportion of clay. In some instances the nodules of iron- 
stone coalesce into beds, but these are usually restricted both in 
extent and in thickness. Nodular ironstone is for the most part 
concretionary in structure, being formed of concentric deposits, 
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wliich fre<iuently enclose fossil fish, shells, or plants. Ferruginous 
septaria are often traversed bv fissures siinilar to those produeed 
by the shrinking of clay in drying, and these arc filled, as in veins, 
with such minerals as calcite and cpiartz with, occasionally, pyrites, 
blende, galena, inillerite, or hat(diettine, the two linst being asso- 
ciated together in the clay ironstone of Dowlais in Glainorganshirt;. 

Sphan*osiderite, when freshly broken, ordinarily presents a 
yellowish or bluish-grey fracture, which, owing to a superficial 
])eroxidation of wsonie of the iron, becomes brown on ex])osure. Glay 
ironstones contain from about 29 to per cent, of iron, and phos- 
phoric acid is usualiy present in varying amounts. 

Blackl)and is a clay ironstoim containing considerable amount 
of carbonaceous niatter, and is (‘xcx‘edingly valuable fnini i.he 
cheapness with which it can he calcined without tlie addition of 
fuel. TIkj ca-lcined residue from tliis ore contains from oO to nearly 
70 per cent, of iron. In tlie coal-fields cd‘ Wesh'ru Scotland 
several bla(‘kband measures are known, having an aggn^galt* 
tliickness of nearly six fe(‘t. In Stafibvilshire it occurs in Ix ds of 
from four to nine feed in thickness, audit is aJso found in numerous 
small irregular beds in North Wal(‘s. Thti ]Uu‘nish and Westphalian 
coal-lhdds likewise yield this ore. 

The most ]»roductive iron-bearing members of the* Secondary 
rocks are the ^liJdle Lias, Great Oolite, Wealdem, and Lowm'Greain- 
sand, yielding brown ha'inatite and eart)»y earbojiate wliich, {ilthongh 
in the majority of Ciises of low ipiality, .are rendored of grcjalr 
commercial jjnportance by the extrenieJy ch(\ap rate at whieli 
they can lie mined. Jii Fi'anceand Southeia) Germany large (quan- 
tities of hettii eyv', a coarse-grained pisolitic iniii (ue, is procured froni 
irregular dep( 3 sits in rock.s of 0(dit.ic age. The amount of iron in 
ores of Secondary age usually varies from about ,‘12 to 48 ])cr 
cent, while tlie proportion of phosphoric acid is sometimes as high 
as two per cent. 

There is but little iron ore of Tertiary age in this c<iuntiy, tlio 
principal deposit being at Hengisthury Head in Dorsetshire. 
Tertiary iron ores, however, occur on the (Continent, and are some- 
what extensively collected from surface deposits in France, Germany, 
and elsewhere ; many of these deposits are of a dcdrital character. 

The separation of mineral matter from masses of rock through 
which it was originally but sparsely di.sseminated is well exciinpli- 
fied in the ironstone nodules of the Goal-rneasures, wliich evidently 
result from the separation and aggregation of carbonat(j of iron 
from the surrounding shales and clays. 
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The calcareous nodules of the Lias and the argillaceous 
deposits known as septaria, and similar nodules in the Old Red 
Sandstone of Scotland and South Wales, sometimes termed 
corns tones,” have, in the same way, resulted from the separation 
of a small amount of calcareous matter, originally distributed 
through the mass of argillaceous and siliceous sediments. Not 
unfreqiiently these argiilo- calcareous nodules contain fragments 
of tlie enclosing strati Hed rock, layers of wliicli may be traced 
through them ; the laminae having the same direction as the 
mass of the rock of which they originally formed part. This lias 
beeri observed in nodules from the Lias of Lyme Regis, and in the 
calcareous septaria, containing fossil fisl), in tlie Old Red Sandstone 
(d* Oromarty, &c. In the same way siliceous particles originally dis- 
seminated in calcareous rocks such as Chalk, Portland Limestone, 
Coral Rag, and (Carboniferous Limestone, have separated out and be- 
come segregated into tlie various forms of flint, chert, or hornstone 
now occurring in those rocks, and sometimes enclosing portions of 
the original beds, or a nucleus of some fossilized organism. Occa- 
sionally the siliceous matter lias filled the more or less vertical 
fissures of calcareous io<;k, or even rejilaced its original substance 
such veins of flint are well seen in the chalk cliffs of Ramsgate, 
and in the Piirtland beds of Tisbury, Wiltshire. In a similar 
manner the nodules of phosphate of lime which occur in certain 
fossiliferous strata have evidently been deiived from the aggregation 
of their components, previously distributed in the mass of the 
original dejiosits. It is well known that the plastic clay prepared 
h)r the manufacture of pottery and porcelain is mixed with 
finely ground silica, and from such mixtures, if not used in proper 
time, it is stated the silica becomes aggregated into hard lumps or 
nodules, which render them useless for tlic piii'pose of porcelain 
making. 

b, Beds originally deposited from Solution, but 
RUBSE( iUENTLY ALTERED BY Metamorphism. — Iron ores occurring 
in highly metamorphosed rocks are usually either in the state of 
ferric oxide, Fe, C).^, or magnetite, Fe3 O4. Both these minerals 
are obtained from beds, lodes, and massive deposits, for the 
most part enclosetl in rocks of ( -ambrian, Silurian, Devonian, or 
(karboniferons age. Red haunatite is sometimes crystalline, some- 
times fibrous, columnar, botryoidal, granular, or compact. Among 
the most important Euro])ean deposits of haematite are those of the 
Island of Elba, of Dalkarlsberg near Nora, and those of the Island 
^ T. Rupert Jones, “ Reliquiae Aquitaiueae,*’ 1875, p. 202. 
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of Uti), in Sweden; in the two latter localities it is associated with 
magnetite. In the Island of Uto the ore is made up of parallel 
layers of a very brilliant specular variety of haematite with quartz, 
and is therefore not unlike the rock known in Brazil a,s itahiritc. 

In the Huronian rocks near Marquette, on tlie southern shore 
of Lake Superior, are large deposits of schistose hajinatite, known 
by the name of iron slate or S 2 >€cular schist, which have long been 
extensively worked. The strata enclosing these ores are much 
contorted, and are chiefly composed of talcose and chloritic schists, 
gradually passing into parallel bands of jasper and haematite. 
Much of the rock, although highly ferriferous, is still too siliceous 
to be worked for iron ; but bi^ds of solid luematite, of great 
thickness and free from earthy impurities, are (piarried at the 
Republic and Superior Mines in the district. In addition to hae- 
matite affecting the usual crystalline form, these betls enclose 
numerous crystals of the octahedral variety of ferric oxide known 
as m.ai'tite. The celebrated Pilot Knob Mine near St. liOuis, Missouri, 
is worked on ores of a nearly similar character to those of Lake 
Superior. There are no important continuous beds of hannatito in 
the United Kingdom, 

Magnetic iron ores, wdien they occur in a massive form, usually 
contain a larger proportion of oxygen than is indicated by the 
formula 0^, thus indicating the presence of a certain amount 
of haematite. Magnetite occurs in extemsive irnigular Ixids or 
stratified deposits in various European couiitri(‘S, being usually en- 
closed in crystalline metamorphic rocks and associated with such 
minerals as hornblende, ephlote, garnet, idocrase, chlorite, a])atite, 
quartz, felspar, pyrites, &c. It is extensively worked at Danneinora, 
Norberg, Philippstadt, and Taberg in Sweden, in the neighbourhood 
of Arendal in Norway, in Russia, and in Lapland. The largest 
known European deposit of iron ore of this class is probably that 
of Gellivara, in Sw^edish Lapland, situated about ninety miles from 
the head of the Gulf of Bothnia. It here forms a hill of considerable 
height made up of parallel interlaininations of magnetic and 
specular iron ores associated with quartzose and hornblendic rocks. 
One of the beds is nearly 200 feet in tliickness and extends over a 
large area; about 80 feet of this bed is bowewer, contami- 
nated by the presence of apatite, leaving a thickness of nearly 120 
feet suitable for iron-making. 

An extensive deposit of magnetic iron ore, wbicb has boon 
worked from time immemorial, occurs at Traversella in Piedmont, 
where it forms a large crystalline mass in talcose scliists and 
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dolomites. Magnetite is found under nearly similar circumstances 
at Berggieshtibel in Haxony, where it is extensively wrought. At 
Nijni Tagilske and Kusclivinsk, in the Ural, it is mined in a dol- 
eritic porphyry. In this country magnetite does not occur in the 
form of beds, but it is met with in small quantities at Brent in 
South Devon, as well as near Penryn in Cornwall ; in the latter 
place it forms a vein, three feet in width, which contains a small 
quantity of oxide of tin. 

There can be hut little doubt that the majority of these stratified 
deposits of crystalline iron ores were originally thrown down in a 
hydrated form from aqueous solutions ; but having been subsequently 
exposed to iiietamorphic infliieiutes, they Jiave not only lost their 
combined water, but, like the rocks enclosing them, have become 
crystalline. It is probable that in some instances, they may have 
been deposited as carbonate of iron,whi(Ii first lost its carbonic acid 
and subsequently became more highly oxi(liz(‘(l. 

Professor J. S. Newberry, in a valuable contribution to the 
School of Mines Quartcrlif for NovciuIkt, 1{S8(), enumerates the 
sources whence the necessary supply of iron may be dcuived. 

In the oldest existing rucks of which we have any knowhidgc} 
iron is an iin]>ortant constituent of many minenils, such as .horn- 
blende, garnet, biotite, &c., and in rocks of this di‘Scriptioii de])osits 
of iron ore, commonly as magnetite in the granites and as hiema- 
tite in the slates, are of fn^pient occurrence. T)e])()sits of this chiss 
were formerly supposed to be of eru}>tive oiigln, but more recently it 
has been pointed out by various autliors that, almost without a 
doubt, they are of sedimentary origin. Tlio magnetites and 
hjcmatites of the older rocks become by exposure converted into 
hydrated ferric oxide., which alteration is constantly attended by a 
change of structure rcsidting in exfoliation. Iron oxide tlms be- 
comes mixed with the soil, Avhero it is exposed to the a(*.tion (.)f 
carbonic acid and various other acids, resulting from the decompo- 
sition of vegetable matter. By these it is dissolved, and becomes a 
constituent of the surfac^e drainage of the country, to be carried a 
greater or less distance, and finally deposited in the form of an ore 
of iron. In the same way various minerals containing iron, such as 
hornblende and garnet, forming constituents of the rocks, are gradu- 
ally dissolved by carbonic acid and other solvents, and thus pass into 
solution. Iron pyrites undergoes a somewhat different form of de- 
composition, since both its constituents become oxidized with the 
formation of sulphate of iron, from which oxide of iron is ultimately 
deposited. 
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In continuation of this subject Dr. Newbeny then proceeds to 
say : — Having now got the insoluble peroxide of iron into a soluble 
form, let us follow it in its travels. All the drainage of a forest- 
covered country may be asserted to contain iron. Where the rocks 
and soils hold this metal in unusual quantities the amount dissolvt‘d 
and transported is proportionately great., and many of tlio springs are 
chalybeate. Wherever those solutions of tlu‘ salts of iron are ex- 
posed to the air tiny absorb oxygen, and the iron is converted 
into the hydrated sesquioxide. This we see in the ])recipitate of 
iron springs as yellow ochre ; in bogs and po(jls it forms an irides(*i'nt 
film, which, when broken, sinks to the bottom of tlic water. If it 
there finds decaying organic niattm-, it is roblxnl of a ])ori ion oi* its 
oxygen, wliich unites with tlie carbon to form carbonic acid, and 
this, bubbling to the surface, escapes. The, iron thus becoming 
again a soluble proto-salt, and floating off, absorbs more oxygem, 
and carries tliis also to the organic, matter, continuing to do this 
until all is oxidized ; then it is j)rc‘ci])itate(l as limonite or bog iron 
ore. Thus it will be seen that, un(hT such circumstances, iron 
plays the same }>art that it does in tla; circulation of tlie blood, 
where it is oxidized in tlu* lungs and carbonized in thc' cfipillaric's, 
serving simply as a carrier of oxygem.” Beds of iron orc^ thus 
formed naturally lHx.*ome metamorphosed at tin) same, time as 
the enclosing rocks, and give ris(‘ to de])osits either of mag- 
netite or hannatitc*. in accordance with varying conditions. 

C. OllKS DlSSiailNATEl) THROUGH SeDIMENTARV BkDS, IN 
WHICH THEY HAVE J3EEN CHEMICALLY DEPOSITED. — The most 
typical example of a bed of this class is exhibited in tlie 
KitpfcravJiicfcr, or coj)per-bearing shale of Mansfeld, in Prussian 
Saxony, where mining lias been for many ctmturies extensively 
carried on. The metalliferous bed occurs in the Zvehstvin, a 
member of the Permian formation wanting in this country, but 
regarded as being equivalent to thc Magnesian Limestone of 
England. At Mansfeld the highest stratum of the series consists 
largely of unstratified gypsum, in which are numerous cavities, 
locally called Gyjpsschlotterhy caused by the solvent action of Avater 
upon sulphate of lime. Witli tlie gy])sum is associated a soft bitu- 
minous dolomitic limestone, locally knoAvn as Aschcy and beneath 
this folloAvs a stratified fetid limestone, below which is the true 
Zechstein, giving name to the formation. In depth this passes 
into a bituminous marly shale, the lowest jiortion of which, seldom 
above eighteen inches in thickness, constitutes the cliief copfier- 
bearing stratum, extending Avith wonderful regularity for many 
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tmles. Of this sometimes only from four to five inches is suffi- 
ciently rich to pay the cost of smelting ; the proportion of copper 
in the ores treated varying from two to five per cent. The ore is 
for the most part an argentiferous fablerz ; but, in addition to this 
mineral, copper pyrites, copper glance, erubescite, native copper, 
melaconite, cuprite, galena, blende, copper-nickel, and iron 
pyrites are present. Native silver is but rarely met with, as 
are also antimony, bismuth, and arsenic. 

Under the copper shale is a calcareous sandstone, varying in 
colour from white to grey, which is in part a conglomerate. 
This, in accordance with its colour, is called either the white 
layer, Weisslierjcndcs, or grey layer, Grauliegendcs, and sometimes 
contains copper ores. The regular bedding of these strata is fre- 
quently disturbed by faults, which, although they themselves rarely 
contain ore, appear to have exercised considerable inlluence on 
the metalliferous contents of the strata traversed by them. This 
is indicated by a marked increase or decrease in the amount of 
ore contained in the beds for considerable distances; the effect 
sometimes extending as far as their intersection by the next fiiult. 

At Frankenbcrg, in Hesse, wliere, among numerous other 
German localities, copper occurs in small quantities in the Zeehstein 
group, the true ore-bearing bed consists of a light crumbling clay, 
and the ore is not, as at Mansfeld, disseminated in microscopic 
particles, but assumes the form of fossil plants. The stalks, fruit 
and leaves of these, are, in some oases, converted into either 
tetrahedrite, or copjier glance, while in others the plants have 
become converted into coal, and are traversed by numerous strings 
of copper ore. Iron pyrites is rarely associated with the ores of 
copper in the Frankeiiberg deposits. 

The remarkable beds of crystalliiiO sandstone wdiich are worked 
for lead ore at Coramern, in Rhenish Prussia, are of Lower 
Triassic age, and may be regarded as belonging to tlie class of 
deposits at present under consideration. They are situated at 
the extreme northern end of the Eifel, the ore-bearing rock 
being a white sandstone of great thickness, which is covered by 
red sandstones and conglomerates. The upper portions of the 
metalliferous rock, which alone are sufficiently rich to repay the 
expenses of working, are thickly charged with concretions, varying 
in size from a pin’s head to a pea, w^hich are made up of quartzose 
sand cemented by galena. The roof of the bed, which consists of 
conglomerate, is not worked for lead, although it sometimes contains 
pebbles partially coated wdth galena. In the upper beds large 
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spheroidal concretions of brown ironstone are abundant, some of 
them being perfectly consolidated, while others are still in a soft 
state. These nodules contain small quantities of chromium, 
vanadium and titanium, the last-named metal being present in 
largest amount. 

The workings are carried on partly by open-cast, and partly by 
underground mining. When the over-burden does not exceed 
100 feet in thickness the metalliferous bed is stripped, the overlying 
rock being removed by a series of terraces. When, liowover, in 
following the deposit to the dip, the covering becomes of a greater 
thickness than that indicated, levels are driven into tlie bed, and 
the ore is won by a system of irregular inllar-working, not unlike 
that employed for winning the thick coal of South Staffordshire. 
The rock, although soft, usually stands without timber, but when 
once broken from the mass it crumbles so readily that the nodules 
of impure lead ore arc separated from the iinprodiictivo sand by 
the use of drum-sieves. This sifting is carried on in the 
mine itself by manual labour, the nodules of lead oie alojie 
being sent to surfaexj, while the sand S(‘pa, rated from them is 
employed for filling the exliausted workings. The nodular galena 
mixed with sand is subsequently stamped and dressed in the usual 
way, hut the carbonate of locad, a consuhirable amount of which is 
present in the rough ore, is to a large extent lost in the opera, tion. 
The annual production of lend from this district is very considcu'ahle, 
and the lead produced from the ores contains from oz. to 4J oz. 
of silver per ton. Lead ores occur under somewhat similar cir- 
cumstances near Gerolstein iii the High Eifel, and in many other 
German localities, as well as in JS^ottiiighamshire and Leicester- 
shire in this country. 

Ill the copper bearing Lower Kcuper samlstoncs of Alderley 
Edge, Clieshinj, carbonate of lead and some other oxidized ores of 
that metal, such as vanadinite and pyromorpliite, are found, and 
here, as at Commern, they are sandstones to a large extent made 
up of crystalline grains of quartz.^ 

The presence at Commern of nodules of clay ironstone in 
some of the upper beds, together with the fact that the grains of 
sandstone of the lead-hearing horizon are frequently covered by a 
crystalline deposit of quartz, which has converted them into more 
or less perfect crystals, indicates extensive chemical action, in 
which w’ater has performed an important part. Such deposits 

' For description of various crystalline sandstones Sf*.c paper by the author, Quart, 
Jour, Geol. Soc., vol, xxxvii. 1881 p. 6. 
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can, therefore, only be regarded as segregations collected and 
transported by aqueous agencies, either from the rock itself, or 
from rocks in its more or less immediate neighbourhood. 


tlXSTUATIFIEJi DErOSTTS. 

With th(i exception of certain ores of iron and manganese a large 
pro])orti()n of tlie metalliferous minerals is obtained from dej)osits 
belonging to this class. Foiirnet has remarked with regard to 
iiuntu-al veins, that metals liaving become of the first necessity to 
man lie would naturally attach great importance to mc'talliferous 
minerals ; aiul that it is to the study of their various modes of 
occurrence, and of tlieir ridations to ]>henomena affecting the 
adjacent country, that the sciimco of geology owes its birth. 
Mineral veins are excctKlingly variable in (character, and sometimes 
exhibit appearances of a very pmqiloxing and complicated nature, 
llnstratified metalliferous deposits are generally described as being 
(jither regular or irregular, but there is such a gradual ])assage from 
one of these for?ns to the other, that it is not always easy to detcr- 
mhie to which category a deposit exa,ctly belongs, and the advantage 
of such a cl assiti cation is therefore, perhaps, somewluvt doubtful. 
Tlic regular unstratitiod metalliferous deposits com]>rehend irve 
veins, i^cg re gated veins and gash veins; while the others, namely, 
imimgiifUions, stockn'orks, faJilhands, nnifavt and rhaniber de'positi^, 
arc spoken of as ir regular. 

Veins are aggregations of luiiieral matter, differing in character 
from the enclosing rocks, in fissures formed in those rocks sub- 
soquontly to their consolidation. All viuns are not metalliferous, 
but even when they do not cjontaiu an ore of one or more of the 
useful mef.als they are ofUm called lodes. >Sini*e veins have been 
deposit(‘d in fissures in rocks, tliey must nect'ssarily be more or less 
completely tabular in form; but they not only divide or thin out 
towards their ends, but also exliibit through their whole extent 
considerable irregularities, resultingfrom unequal breadth as well as 
from deviations from their usual strike and dip. 

The rook in which a vein is enclosed is called the covniry or 
country rock. Those portions of the country in contact with the 
vein arc known as its waits or cheeks, and when the vein is not 
vertical that which is above it is its hanging tvall, while that 
below it is its foot wall. The horizontal direction of a vein is 
called its stidkc or course, while its inclination with the horizon 
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is its dip» In some of the mining districts of England the 
inclination of a vein is measured by its undcrHc, or angle of 
variation from the perpendicular. 

A layer or sheet of argillaceous material often extends along the 
walls of a lode, between the vein itself and the enclosing country 
rock. This, winch mainly consist of an unctuous clay, is calk'd its 
selvage orjlncan, and is sometimes slickensidod or scored with curved^ 
crooked, mid unconfonnable strife. 

Bauds of compact silictx)us rock often occur in the immediat(', 
vicinity of the fissures enclosing mineral veins, and more frequently 
accompany tin ores than ores of copper. This hard qiiartzose 
material occasionally contains a sufticicnt amount of tin to repay 
the expenses (*f working, and when this is the case it is generally 
regarded as forming part of the lode. When, on the contrary, it 
contains no tin ore, or not a sudicient amount to pay, it is called 
cajicl by (yoniisb miners, and is regarded as a portion of 
the country rock. It is therefore often difficult to define tbo 
diffon'iice between an ordinary tin veinstone and a tin cape). 
Microscopical examination of thin sections of capeds shows that they 
are often mainly composed of a (piartzose base, throngbout wliieli 
crystals of tourmaline are tliickly dissemimited. Sometimes, 
and particularly when they occur in clay slates, capc'ls consist 
principally of a mixture' of quartz a.nd chlorite. In other ca,ses, 
both tourmaline and chlorite arc pn'sent in the same (\apel, 
together with inniimerabie microscojac fragments of almost un- 
altered country reck. Then' can 1 k‘. hut little dotibt tliat in the 
majority of cases t lio “ capels ” of the miner are tln^ result of 
extn'fne nietmor])liism of tin' country, pro<luc(‘d by tlie< ag<‘U(^y of 
solutions from whicii the materials forming the lo(k‘ itself were 
tleposiied. The i’('})lacement of crystalline and otiior rocks by 
quartzo.se p.seudoinorphs lias been observed in connection with 
metalliferous veins in various parts of the world. 

A cross- ronrse or cross-vein is a vein intersecting another of 
greater geological age, which it freffucntly displaces from its 
original course. Ck-oss-courses are some'times, but not always, 
metallifero\is ; while., in many cases, tlu'y are composed either of 
quartz or of Hucaii. Cross-courses are often fissures filled with 
matter introduced by purely mechanical means, such as fragments 
of the wall-rock from abo\e, or debris yiroduced by the friction of* 
their sides one against another. This sliding motion of one side of 
a fault over the other causes a vkilcnt trituration of the walls, and 
gives rise to friction surfaces which exliibit smooth <and sometimes 
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even polished faces, on which tliere are frequently parallel 
scratches or farrows indicating the direction in which the 
motion has taken place. The rubbing together of the surfaces 
of such dislocations produces a fine powder, which, with 
water, ultimately becomes transformed into a soft clay or flucan ; 
the origin of selvages as well as of many cross-courses may be often 
thus explained. The horizontal dishxjation of a lode is called a 
heave, while a vertical displacement is known as a slide or leap. The 
cnitcrop of a vein is that portion of it which appears at the surface. 

Veins are exceedingly variable in thickness, some having a width 
of many fathoms, while others are represented by the filling of the 
most minute crack. The longitudinal extent of veins, like their 
thickness, is very variable ; but as a rule, the wddest are the most 
persistent both in length and in depth. Some metalliferous veins 
have been traced for a distance of several miles. 

a. True Veins. — A true vein or lode may be defined as a fis- 
sure of indefinite length and depth, filled with mineral substances, 
and often oonUining metalliferous ores, traversing the enclosing 
rocks independently of their structure, and which is not parallel 
to tlieir foliation or stratification. Veins of this class are generally 
admitted to havo originated in fissures or dislocations caused by 
extensive movements of tlie earth's crust, and are therefore believed 
to extend indefinitely in depth. The two walls of a vein do not 
always coincide; so that the vein fissure is fre(j[uently at the same 
time a fault. 

Fig. 7 is an ideal transverse section of a true or fissure vein 
pursuing its course across the planes of bedding, although cutting 
through them at a very acute angle. A true vein may at some 
part of its course coincide with the dip of the strata, or it may even 
send out spurs or branches following the lines of dip or cleavage, as 
shown in the figure. 

The w^alls of metalliferous veins are seldom parallel to one 
another for any considerable distance, and their wddth consequently 
varies in different parts. This will be understood when it is 
remembered that the original fissure, which often passes through 
rocks of different degrees of hardness, never follows an absolute 
plane, and consequently that any movement of one of its sides must 
necessarily result in an opening of unequal widths. This will be 
clearly seen on referring to the annexed illustrations, in which 
Fig. 8, represents a line of fracture, a h, traversing the country rock, 
horizontally. In Fig. 9, a & is the same fissure, and if we were now 
to divide the paper by cutting it into two parts along this line, 
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and to slide the lower portion from a to a\ its upper and lower 
edges would meet at the points o, leaving an irregular opening at 
c and lenticular spaces at d. If instead of sliding the lower 
portion of the divided paper to the right hand, w^e move it 
towards the left, as in Fig. 10, for about the same distance it 



Pio. 7. — Trno vein, r#, sending out « bvanrh, h, <'orresi)onding wilh bedding. 


was previously moved to the right, wc obtain two lenticular 
spaces c, and an irregular opening d. The foregoing examples 
serve to show to wdiat slight circumstances considerable varia- 
tions in the character of an opening between the uneven surfaces 
of a fissure may be duo, and explain one of the most fr('(iuent 
causes of the inequality observed in the width of miiu ral veins. 


Fkj S, 



Fig. 1». 



£ C ^ 

Fig. 10, 

Opening of iiMSures ; after Do la Bcchc. 


The elevation or depression of one of the sides of a more or less 
undulating fissure will necessarily give rise to similar results, and by 
this means irregularities in width will he produced similar <o those 
caused by horizontal movements of the country rock. In order 

1 ) 
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better to understand this, we may regai*d the foregoing dia- 
grams as representing a fissure in transverse instead of in horizontal 
section. 

Modes of Occuvrence , — Among all the various forms in which 
metalliferous deposits are known to occur, true veins may be 
regarded as among the most important, since they are not only 
the usual source of many of the more valuable metals, but they 
also, from their persistency and comparative regularity, afford 
scope for systematic and continuous workings. 

As a general rule, lodes are associated in clusters approximately 
parallel to one another, thus forming groups, which sometimes 
traverse the same district in different directions. An examination 
of the intersection or displacement of different veins at the points 
where they are divided either by cross-veins or by one another, 
shows that some of them are older than others; and thus, by 
observing which of them, respectively, cross others, or are crossed 
by others, their relative ages may be determined. In this way 
Mr. Came was enabled, many years ago, to divide the veins of 
Cornwall into eight distinct groups according to their relative ages. 
The most manifest division, however, of Cornish veins is into those 
running east and west, usually yielding tin and copper ores, 
and lodes of which the direction is nearly north and south, 
commonly producing ores of lead. 

Metalliferous veins are of more frequent occurrence in the older 
rocks than in the more recent, and the ores of certain metals 
are to a large extent confined to particular groups of rock. Lodes 
are most frequently found in districts where sedimentary beds have 
been penetrated by porphyries and other igneous rocks, and they are 
consequently more abundant in mountainous countries than in 
plains. Igneous rocks thus penetrating sedimentary beds are, 
as well as the beds themsehes, frequently traversed by ore-bearing 
veins. Lodes are also often more productive in the vicinity of the 
junction of dissimilar rocks than elsewhere. This is particularly 
observed in Cornwall, where veins of tinstone and copper ore 
occur both in granite and /cillas or clay slate, but they are seldom 
found to be productive at any considerable distance from the 
junction of the two rocks. 

The dip of metalliferous veins usually approaches more nearly to 
the vertical than to the horizontal. In the north of England their 
inclination from the vertical rarely amounts to more than 10®, while 
although averaging more than this in the mining districts of Corn- 
wall, their mean inclination may be taken at about 20® from the 
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vertical or 70® from the horizontal. The same lodes, within short 
distances, often vary considerably in direction, width, and dip, and 
they frequently split or divide into hranclies both in length and 
in depth ; these branches may or may not again unite. If as in 
Fig. 11, a lode a, encloses a mass of the country rock, the included 
fragment h is called a horse or rider. 

The dip of a lode is not always continuously in the same 
direction throughout its downward course, but, on the contrary, 
it sometimes becomes gradually vertical, and finally turns over, 
assuming an inclination in a direction exactly contrary to that with 
which it originally started from the surface. Numerous examples 
of veins varying greatly in their dip, were afforded by the Fowi^y 


(t 



Fn,. 1 1.- Horse, <»r ruU-r. 


Consols Mines, Cornwall, wliere some of the lodes dividc-d, ui 
depth, into two parts, ai)parently without again coining together, 
while’ few of the intersections, or junctions of one lode with 
another, were attended by any displacement of either of them. 

Intersections and Faults.— li sometimes hai.pens that veins 
meet one another without intersection or displacement ; in such 
cases it is often assumed that the fissures are of the same age, 
and that they were contemporaneously filled with veinstone and 
ore. When veins meet at a very acute angle, they occasionally run 
parallel to one another for a considerable distance and subsecpient y 
diverge, as seen in Fig. 12. In other instances, after running 



36 


ORE DEPOSITS. 


[PAET I. 


parallel to one another for a greater or less distance, they 
ultimately cross, the newer vein passing through the older one as 
shown in Fig. 13. When a vein is intersected by a fissure, or by 
another vein of more recent age than itself, a fault or displacement 
is often the result, in which case the plane of the older vein on 
one side of the line of fault no longer coincides with its extension 
on the other side as shown in Fig. 14, in which a represents 
the dislocated vein and c the fissure or vein by wdiich it has 
been intersected. 



Fkj. 12.— Diverging veins. 


It frequently happens that a vein fissure is itself a fault, and in 
such cases tlie difference of level which occurs between similar 
strata on its opposite sides, is often called the throw of the 
vein. 

All faults have been produced by a sliding of the country rock 
on one, or on both, sides of the fissure along which the movement 
has taken place. This may often be explained by a slipping down 
of its hanging wall upon its foot wall in the direction of its dip ; 
sometimc^s, however, the country on the hanging wall side may 



Pio. 13. — Veins crossing wiOiont displacement. 


either have been forced upwards, or the two walls may have 
experienced unequal or contrar}^ movements. In other cases the 
walls may have also experienced horizontal displacement. 

The extent of the horizontal displacement of a lode by the 
sinking or rising of the country on one side of a fault, depends 
not only on the amount of dislocation it has experienced, but 
also on the angle which the direction of motion makes with the 
plane of the vein intersected. When this angle equals zero the 
effects, horizontally, of the fault will be imperceptible, and can 
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only be recognized by similar portions of the intersected vein 
being found at different altitudes. 

Complicated cases of faulting can only be understood after the 
position of the planes of the dislocated lodes has been exactly 
determined, and it has also been ascertained along which of the 
various fissures displacement has taken place, as well as the 
direction of the several movements.^ 


n 



a 

Fia. 11. — Vein <lisi)lac6d by a cro.ss-oour.sc. 


The parallel lodes a ?>, Fig. 15, seen in horizontal section are 
apparently heaved in contrary directions by the mor<i rcci'.nt 
vein c. This will be understood when itds remembered that th(^ 
two lodes dip towards one another, and that any elevation of tln^ 
country on the upper side A, of the cross-vein 6', or any depression 
of the rocks on the lower side B, would produce the cnbct observed. 
It is further obvious tliat, in the case of lodes dipping in contrary 



Fi<i. i:>, — Veins, (lipjtiiif' towards one an(*tlicr, (lisplaood liy a 


directions, the results of an elevation or depression of the country 
on either side of the fault will he very dillbrent to tlioso 
produced by similar movements on lodes dipping towanls one 
another. 

When a country is traversed by fissures, crossing and dij)- 
ping in ilifferent directions, great care is often required in or(l(‘r 
to understand the relative positions of the several parts after 

^ Those specially interested in this subject sliouhl consult S (!. L, vSelifcidl, 7’lieoiie 
der Vcrschiebungen iilterer Gange,” Frankfurt, 1810. G, Ziinineriijan, ‘M)ie Wieder- 
ausrichtuug verworfener Gange, Lager, uiid Flotze,” Damstadt, 1828. I». v. raiuall, 
KarsterCs Archiv. vol. ix. 1832, p. 3. C. Combes, “Traite do rKxi>loitation d(‘H 
Mines," Paris, 1844. 
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having been disturbed by faults, and when the surface has been 
subsequently ground down by erosion to an approximately common 
level. As an illustration let us suppose Fig. 16, after De la Beche, to 
represent such a case, a h being the present level of the country, 
and 6^, 6^, and ¥ representing so many different veins. 
Let this country be dislocated along the plane of the section so 
that a' V on tlie side B is lifted vertically above a b on the 



side A, or, what amounts to the same thing, the side A has 
sunk the same distance below the level of a' 1) . It will be seen 
that although the amount of vertical elevation has been common 
to all of the lodes, they now occupy on the surface a h, very 
different positions and distances from one another than they did 
originally, according to tlie various dips intersected by the line of 
surface. This becomes still more evident on referring to the plan, 

/ / B / / ' B £ , 

^ / ■" : 

Fio. 17 .— -Etreots of a fault on veins witli different dips ; plan. 


Fig. 17, supposed to be taken at after the country on the side 
B had been removed by denudation to the same level. The 
letters and figures of reference correspond in plan and section, 
and it will be found on comparing the two that the veins 
and are shifted to the right, on the side of the dislocation 
marked B, while and are moved to the left ; the branch 6® on 
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the other hand; which does not reach the surface on the side A 
appears on the side B at the level ah. 

It has been already stated that the relative ages ot veins and 
systems of veins in districts where tliey cross one another, may 
be ascertained by observing which of them intersect, others, or are 
severally intersected by others ; and that the intersection of a v('in 
by another of more recent date is often attended by a displacemcjnt 
or heave of the former. In comparatively rare cases, however, tin' 
more recent vein appears to have been displaced by the older one*, 
although this is not in reality the case. 

The more recent vein a in Fig. 18 would appear to have been 
displaced by the older one h, which it finally intersects. T1 k‘ true 
explanation of this phenomenon is, however, that the fissure of the 
vein a, following the lines of least resistance, has taken its course 
for some distance along one of the walls of the older vein h, and has 
then crossed it, without causing any horizontal displacement. 


(I 




VeiiiR apparently displaiicU by older oncK. 


Instead of forming an angle and following one of the walls of 
an older vein, the newer one occasionally, altliough still more 
exceptionally, enters the older vein by a fissure not extending 
directly across it, but communicating with longitudinal cracks 
along the axis of the vein itself, which subsequently unite with a 
fissure traversing the country on the opposite side. Fig. 19 
represents a case of this kind, where the more recent vein a, 
enclosed in the older one, follows for a short distance the course 
of the vein fe, by which it would at first sight appear to have been 
displaced. 

When a lode is divided by a fissure resulting in a slide or leap, 
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the movement of the hanging wall is generally downwards along 
its foot wall. Fig. 20 is a case of this kind, where the dip of the 
fault and that of the vein are in contrary directions. In Fig. 21 
the dip of the vein and that of the fault are seen to be in the 
same direction. 

Mineral veins like beds, are occasionally alfected by reversed 
faults ; two examples of these are represented by Figs. 22 and 23. 
In the first it will be observed that there is a space, in the direction 
of the movement, between the two portions of the divided lode, 
which if projected on a horizontal plane would represent a sterile 
space of which the width will vary with the extent of the dis- 
placement. 

In Fig. 23 the vein has, on the contrary, been forced upwards 






tSlulus or 


in such a way as to overlap itself, and a projection of the raised 
extremity upon a horizontal plane would show two superimposed 
lodes over a space, the width of which will depend on the amount 
of dislocation. 

When tlie throw has been produced by a fissure, of which the 
position is exactly vertical, the direction in which the movement 
has taken place can only be determined after a careful study of the 
sequence of the rocks on both the hanging and foot-walls of the 
lode, and their correlation with the same rocks where visible in 
undisturbed ground. 

When a vein fissure becomes somewhat abruptly contracted so 
as to be represented by a mere crack in the country, the lode is 
said to be nipped. Branches which leave a main lode and fall 
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away into the country rock are called droppers, while those which, 
on the contrary, fall into the lode from the surrounding rock are 
known as feeders. Tlie character and direction of these offsets 
from a vein are carefully watched by the practical miner, who, 
from their general appearance and position, often forms liis opinion 
with regard to the portions likely to yield the largest amounts 
of ore. 

Structure of Veins and Compositimi of Veinstones. — Speaking 
generally, the larger proportion of every vein fissure is occupioil by 
gangue or veinstone ; these being the terms applied to the non- 
metalliferous portions which almost invariably accomjiany ores of 
the valuable metals in a vein or lode. 

The most constantly occurring substance in veinstones is quartz, 
which is probably to some extent present in all mineral veins. 
This quartz is usually either crystalline or crypto-crystalline and 
contains numerous fluid cavities ; it is sometimes also concretionary. 
Beautiful specimens of crystallized (juartz are obtained from the 
druses, or vuglis, which arc frc(piently met with in veins. 
After quartz, carbonate of lime is the mineral which most frequently 
forms one of the constituents of veinstones; it is commonly crystal- 
line, and often passes into brown spar or dolomite. Fluor spar 
and heavy spar are also minerals which frecjuently occur in vein- 
stones. In many cases these, eithc^r singly or together, constitute 
for considerable spaces the entire filling of vein fissures without 
any admixture of metalliferous ores. 

If thin sections of veinstone be examined under tlie microscopo 
with polarized light, they will be found to consist largely of crystals 
or crystalline grains ; but, to the unassisted eye, tlu^y sometimes 
appear to be compact, or only slightly granular. Tlirough tliis 
amorphous or granular ground-mass metalliferous ores iire dis- 
seminated in patches, lamince, or crystals; and when crystallizc‘xl 
forms prevail, the mechanical constitution of the veinstone is 
analogous to that which among rocks is known as a porphyritic 
structure. 

Many lodes enclose fragments of the surrounding country rock ; 
these, which are sometimes angular and at others rounded, are 
cemented together either by ordinary veinstone or by metalliferous 
ores. The latter was the case at Relistian, in Cornwall, where 
rounded pebbles of a dark-green chloritic schist were found 
cemented into a conglomerate by a mixture of oxide of tin, 
chalcopyrite, and quartz. 

It will be remembered that when a fragment of the country, of 
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such large dimensions as to divide a lode into two branches 
occurs, and these branches subsequently unite upon all sides, the 
included rock is called a horse. Pieces of country rock in frag- 
ments too small to be distinguishable by the unassisted eye, 
are also frequently enclosed in siliceous veinstones. Fig. 24 re- 
presents a section of a veinstone of this class from a lode at Huel- 
goet, Finist^re, France, seen under the microscope. It will be 
observed that the various disunited fragments of included slaty 
rock appear to have separated from one another very gradually, 
and the exact way in which they formerly fitted together is 
still readily traced. In this instance the fragments of slate 
are quite unaltered, and their outlines sharply defined. This, 
however, is not always the case, since in other specimens the 



x25 

Fui. ‘J4.— Vdnstonc, Ilueli'oet. 

enclosed fragments of country are often to a large extent replaced 
by silica, leaving only a shadowy image of their original forms. 

The substitution, in rocks, of silica for other minerals is not 
unlike the replacement of woody fibre by the same substance in 
ordinary silicified woods, excepting that in the latter the silica is 
always more or less hydrated. Examples of this kind of silicifi- 
cation are often observable as capels where the walls of a vein 
have been subjected to silicifying action. When a mineral 
vein occurs in crystalline rocks, such as porphyry, thin sections 
not unfrequently show that portions of the country, now forming 
part of the veinstone, although to a large extent silicified, still 
exhibit traces of forms which were originally felspar crystals. 
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In Irecciated lodeSy as veins made up of broken materials are 
called, the included fragments, instead of having originally been 
pieces of the country rock, are in some instances portions of a 
previously existing metalliferous vein, which has been disrupted 
by the re-opening of the vein fissure, and its contents reduced to a 
fragmentary state by the subsequent grinding together of its walls. 

In many cases a vein encloses at the same time pieces of the 
country rock and of veinstone belonging to an older lode; this 
is shown in Fig. 25, which represents a fragment from a quartzoso 
copper lode at the Knock mah on Mines, Ireland. 



Fig. 25, — Fragiuent of 

Ireland ; natural size. 


Older veinstone with ehn1coi>yvitu , 5, coni try 
rock. 



Fi(i 2d.— Fnigiuent (»f Ih'rguiminstTot*! 
Mino, ClHiiHtlitil ; after v. Oroddeck. 

a, Older veiuBtoiu' ; ?), cpiavtz. ; c, galena ; 
d, hlende, ; e, f.ulcite. 


In place of consisting simply of embedded fragments of older 
veinstone or of country rock, the inclusions in veins arc sometimes 
covered by regular- deposits of other minerals. When metallic 
sulphides or other ores have been thus deposited, they are known 
as ring ores or cockade ores, 

26 represents an example of the last-named formation from 
the Bergmannstrost Mine, Clausthal. 

When the ores deposited around fragments of included rock 
have a radial crystalline stnicture, they are sometimes called 

spherulitic ores. j ^ v, . 

At Huelgoet the principal lead vein is in part composed ot what 
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would at first appear to be a conglomerate, consisting of quartz 
pebbles cemented together by blende, pyrites, quartz, and galena. 
On breaking these pebbles ” they are all found to consist of a 
central nucleus of slaty country rock, surrounded by an envelope 
of slightly chalcedonic quartz, and only in outward appearance 
differing from an ordinary quartz pebble in being somewhat 
less smooth. 

Fig. 27 represents one of these pebbles which has been cut 
through and polished by the laj>idary, and which, in addition to a 
nucleus of dark slate, shows evidence, at a, that it has been broken 
by the movement of the enclosing walls and subsequently re- 
cemented by a growth of (piartz. 

The various minerals of which the filling of a vein fissure is 
made up, are frequently arranged as a succession of plates parallel 
to its walls. These plates or comha are aggregations of crystalline 



minerals, the seiwate crystals of which are usually arranged 
with their longer axes at right angles to the walls of the lode ; 
while their form is more perfectly developed at the ends turned 
towards its centre than at the other extremity. The ribbon-like 
structure of comhy Udes indicates long-continued chemical action, 
occasionally interrupted, but again renewed under different con- 
ditions; the substances deposited on the walls varying with the 
nature of the minerals held in solution at the time the bands were 
severally formed. Some parts of a vein may exliibit a comby 
structure, while others show no trace of any particular 
arrangement. 

Vein fissures frequently bear evidence of having again opened 
after having become filled with mineral ; the new opening 
thus formed affording the requisite space for a further deposition 
of veinstone. In some cases the re-openiug of the cavity appears 
to have been repeated several times in succession, the thickness of 
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each comb indicating the width or progressive widening of the 
fissure during the time its filling was being deposited. It not 
unfrequently happens that the re-opening of a fissure has been 
attended by a grinding together of the walls, resulting in the 
production of slickensides and flucans. In some lodes the width 
of the fissure would appear either to have gradually increased or 
to have remained unaltered during the whole period of its being 
filled, while successive deposits took place in such a way as to 
produce a series of bands arranged ])arallel to one another. 

One of the most remarkable examples of symmetrical repetition 
in a comby lode is presented by the Drei Prinzen Spat Vein, near 
Freiberg, a portion of which, is roprestoited in Fig. 28. N(.'xt 



Firt. 28 . — Section of tlic Drei Prinmi Spat Vrin. near Freiberg : alter v Wclsscnbacli 


to the walls on each side is a crystallized deposit of blende followed 
by layers of quartz, succeeded by others of fluor spar, iron pyrites, 
and heavy spar, &c, as indicated in the figure ; each comb on 
one side having one exactly corresponding to it on the other. 
The middle portion is occupied by crystals of calcite on either 
side of a central cavity, the whole showing ten symmetrical 
repetitions of six different minerals. 

Such perfect symmetry is not, however, common, and when it 
occurs it does not afford convincing evidence that no re-opening of 
the fissure has taken place, since one might evidently be produced 
without any perceptible displacement or grinding of the walls. 

The combs of the same vein may be symmetrically aiTanged 
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ia one portion of its section, and occur without any degree of 
symmetry in another. 

Fig. 29 represents a transverse section of part of a vein at 
Huel Mary Ann, near Liskeard, Cornwall, which furnishes an 
example of a lode in which the layers, which are not numerous, 
appear to be arranged symmetrically.^ Here there are, first of 
all, two walls of killas or clay slate, and then, proceeding from the 
walls inwards, a layer of chalcedonic quartz, a, locally called cah. 
To this follows a layer of vitreous crystallized quartz 2), next 
galena c, and finally chalybite d. 

Fig. SO is a section of the same vein at a short distance from 
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I'ltt 29 -~Sc(‘1.ion of v(‘in at Hiiel >J«n Ann ; aftor Lr Novo Foster, 

the foregoing, where it has a partly combed structure and partly a 
brecciated one. On the hanging wall tlic cab, a, is traversed by a 
vein of vitreous quartz, Z/, which crystallizes out in a large vugh ; 
then follows another band of quartz, r, while on the foot wall there 
is a breccia, d, composed of fragments of killas and cab cemented 
together by galena and calcite. In this case the various phenomena 
connected with the formation of the lode probably occurred in the 
following sequence : — 

Firstl}^ formation of the fissure, accompanied by a shifting of 

^ C. Le Neve Faster, ** On the Lode at Huel Mary Ann, Menheniot,^' — Tram, 
Royal GeoL Soc, of Cornwall, vol. ix., 1875, p. 162. 
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the strata. A succession of empty spaces were left, and some 
parts were more or less filled by fragments which had fallen from 
the walls. As might be anticipated, this breccia chiefly occurs on 
the foot wall. 

Secondly, deposition of the cab, which, to a certain extent, 
filled the fissure and cemented together the fragments from 
the walls. 

Thirdly, re-opening of the fissure ; the new line of fracture 
sometimes traversing the middle of the filling of cab, at others 
cutting across it, and ultimately following one of the walls of 
the original fissure. Pieces of the wall and of the previously- 



f/ c a, b a 

Fio. .‘10.— Section of vein at, Huel Mary Ann ; aftor TiO Neva Fo.ster. 

formed cab then fell in, and quartz, galena, e.lialybite, and <\al(‘it(» 
were successively deposited in the open spaces. 

Fig. 31 is a section of a lode in granite at Cam Marth, near 
Redruth, one-twelfth natural size, affording a good example of 
a fissure which has been several times re- opened.^ It will be 
observed that each re-opening has been attended by an amount 
of grinding action between the walls, sufficient to produce a clay 
parting of considerable thickness. This lode is enclosed in granite, 
and the dots and patches of black in the figure represent spots 
and bunches of copper ore. 

' J. H. Collins, “ On the Mining District of Cornwall and West Devon .” — JnstihiU 
of Meehaniml EvfrinerrA, ProeAcdwgSf 1873, p. 89. 
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The arrangement of the various minerals in the combs of a 
vein is precisely that which would result from their crystallization 
either from solution or by sublimation ; the successive layers are 
produced by deposits parallel to the walls, while the crystals 
have their longer axis directed towards the centre of the vein. 
It would therefore appear that the phenomena observed might 
be produced in at least two different ways, but this subject will 
be again referred to when we consider the various theories which 
have been advanced to account for the formation of mineral veins. 



Distrilmtiooi of the Ores in Lodes , — In a vast majority of cases 
the more metalliferous parts of a lode, or those which yield the ore 
sought in an approximately marketable state, constitute but a 
comparatively small proportion of tlie whole, and but few metal- 
liferous veins are sufficiently rich throughout their extent to 
pay for the removal of the whole of the veinstone. A large pro- 
portion of the lode is consequently left standing in the mine, while 
the richer portions only are taken away and brought to the surface. 
It is always a matter of considerable uncertainty whether 
rich deposits of ore may or may not occur in a vein, and no 
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definite opinion can be formed on the subject until a careful 
study has been made both of the vein and of the neighbourhood in 
which it is situated. In regions in which parallel lodes, similarly 
situated, have been extensively worked, the miner prolits by the 
experience thus acquired, and considers there is a probability that 
like conditions may produce similar results. When, therefore, 
such lodes exist in any given locality and the position and direc- 
tion of any courses ot ore in one or more of them ha,ve been 
ascertained, there is a probability that the otiicrs may contain 
similar deposits. 

It would be of grevat scientific interest, as well as of the 
utmost practical importance, if tlic causes of this nnt'qiial dis- 
tribution of ore could be discovered, and some rule laid down for 
detecting the position of tlie richer portions of a lode. Unfor- 
tunately, u]) to the present time, no c(‘rtahi method of doing this 
has been found, and it is only by a careful stjuly of the dis- 
trict in wliich a vein is situated that anything like an 
approx iniation to tliis knowh'dgo (;an l)c‘ acquired. TIjc cou- 
clusioTJ arrived at ^vill be much influenced l>y numerous almost 
undefinable facts, and indications, which, although they ciiahlo 
the miner who is well accpiainted witli a district to dinjct 
his operations with a considerable amount of accuracy, would 
probably lead him to the commission of grave mistakes if ap]>lied 
in a totally different locality. Miners with fixed id(‘as, resulting 
from observations made in a limited area, are cons(‘(piently 
liable to make serious mistakes when they attempt to a])ply Uudr 
expcTieuce iu distant and tutall}'' new localities. 

When a nutss of ore extcaids in a lode in the direction of its 
course, horizontally, in such a way that a gallery or level driven 
tlirougli it for a distance of mai\y fathoms is continuously or almost 
continuously in rich mineral, and this ore is again met witli in 
levels above and below it, the deposit is known as a course of ore. 
Such courses of ore are sometimes very extensive, as, forexam])le, 
in the adjoining mines of Huel Seton and Hue I Crofty, in Corn- 
wall, where a course of co])per ore extended continuously over a 
length of 225 fathoms, and had an average d(q)lh of about fifty 
fathoms. 

In the mining districts of the West of England wlien a course 
of ore is spoken of without specifying tlio metal that is present, 
the word copper is often understood. Thus it is usual to speak of a 
course of ore, a course of tin, a course of lead, See. Large masses 
of ore occurring in the mines of the new world are sometimes 
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called lonanzaSf but this term is chiefly restricted to deposits 
containing one of the precious metals. 

When deposits of metalliferous minerals assume the form of 
bands or columns more or less steeply inclined in the plane 
of a lode, they are known as shoots of ore or chimneys of ore. 
The shaded portions in Fig. 32 represent the mode of occurrence 
of galena at tiie celebrated Snailbeach Mine, Shropshire, which 
affords a good example of an ore occurring in shoots. The 
horizontal extent of a shoot of ore is for the most part some- 
what limited, while its persistcjncy in depth is often very con- 
siderable. As a general rule, all the ore-shoots in a given vein 
di[) in the same direction, which, most commonly, is also that of 
the bcidding, or ch^avage, of the rocks through which the lode 
passes. Tlu^ distinction l^etwecm a course of ore and a 


^ w. 



I'lo. 8*2.— LoiJl'itucliiial section of ai»ortioii of the Snailbcaeli Mine, Sliropsliii'c. 

shoot, although usually sufficiently definite, is nevertheless, 
to some extent, vagu(‘, since, in extreme cases, the form and 
character of a mass of ore may n‘])n‘sent a sort of passage from 
the one form to the other. The term, course of ore, may, however, 
be regarded, generally, as ap])lied to tabular more o]* less horizontal 
masses of ore of unusual extent and richness, while the word shoot, 
which conveys the idea of a workable dejKjsit, is chiefly used 
as indicating the high inclination and persistency in depth of the 
ore-bearing portions of a vein. 

When a course or shoot of a metalliferous mineral has been 
discovered in any one of a series of parallel lodes traversing 
the same country rocks, there is a considerable probability that 
somewhat similar (h'posits may be met with in approximately 
corresponding ])ositions in the other lodes of the group. Inas- 
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much as the more valuable deposits found in a series of parallel 
lodes are usually enclosed in the same country rock, it follows that 
these, as well as the lodes themselves, will be aj)proximately 
parallel; hence the aphorism of the miner, agahid or<\ 

This arrangement of the metidliferous contents of a scries of 
veins will be understood on referring to Fig. 3o, in which a, h, r, 
are veins, and d the country rock ; the (h^})osits of ore being indicated 
by lines of shading. 

When the ore in a lode occurs in d(‘ta(‘hed patches it is said to 
be bunchy, and each separate patch is called a hunvh. Although, 
a(a*ording to this definition, it may be sometimes difficult to dis- 
tinguish between a small course of t»re and a laig(‘ biincii, the* terms 
are usually well understood and are n'garded as bcfing fairly 
definite. It has been observed that in hunch y lodc^, th(‘ bunchc‘s, 
like shoots of ore, have a tendency to arrange thems(‘lves in 
accordance with the dip, or cleavage, of the enclosing rocks, 



I' i». U.X— Oie deposits in i>nralk*i loues. 


In many cases the ores in a lode occur neither in courses, 
shoots, nor bunches, but are disseminated in a crystalline or 
granular form throughout the veinstone. Lod(‘S in whicli the 
ores thus occur are, by (knnish miners, known as dmdye lodes. 

The conditions under which dt^jtosits of on? occur in mineral 
veins vary in different districts, and it would be im})ossible to lay 
d(Avn anything beyond very general rules relative to this subjeth 
Attention will, however, be directc‘d l(j these loc.al ])eculiaiities 
when the various districts in which they occur aie S])ecially 
described. 

It may, however, be statcnl, speaking generally, that those lodes 
are most productive whose dips apja'oach most nearly to the 
perpendicular, and that the most productive portions of lodes iiro 
usually enclosed between walls possessing a moderate degree of 
hardness. This may, to some extent, be accounted for by 
the fact that accumulations of debris from the wall rock will less 
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frequently take place in tlie fissures of nearly vertical lodes than 
in those of which the inclination approximates more nearly to the 
horizontal. It will be obvious also that a larger number of frag- 
ments will fall into a vein fissure from a soft splintery hanging 
wall than from a moderately hard and sound one. 

Miners are aware that in all metalliferous districts lodes fol- 
lowing certain known directions are more frequently productive 
than those which vary only a few degrees from that course. This 
may, perhaps, be accounted for on the assumption that fissures 
formed during periods when salts of various metnls were held in 
solution by waters circulating through them, will become charged 
with ores of those metals. Fissures oj>ened at subsequent 
periods will, in tludr turn, become filled with ores of metals 
resulting from th{^< salts at that time circulating in solu- 
tion, and which differ from, and have replaced those present 
during the period the first system of vein fissures was being filled. 
On the other hand, fissures may be formed at an epoch during 
which the (.'irculating wat(‘rs contained no metallic salts, and in 
that ease the resiilting veins will be non-metalliferons. 

M. Moissenet, who has studied the metalliferous veins of 
different mining districts, and es])ecially those of CVu'nwall, with 
reference to the relations existing between their productiveness 
and their direction, has endeavoured to explain the observed 
phenomena in accordance wuth M. filie de Beaumont’s theory of the 
lysean ‘pentagonal. The assumption of the simultaneous elevation 
of parallel mountain chains is however not g(‘nerally received by 
geologists, and the conclusions arrived at by M. Moissenet are not 
always in accordance w ith established facts. 

Outcrop of Lodes . — The outcrops and upper portions of metal- 
liferous veins are often found to have undiTgone a. seri( s of chemical 
changes by whicli they have ultima.tt‘ly become transfornu'd, more 
or less completely, into siliceous jjeroxide of iron and hydrated ferric 
oxide. This product of decomposition rec(*i\'(‘S various names in 
different mining regions. By the Cornish miner it is called gossan ; 
in Franco it is known as eliapeaii de fer, and in Germany as 
tiserner Hut. The or colorados of South America are 

essentially similar productions, which, like all vein-capinngs, vary 
to some extent in colour and composition. 

The ferric oxide in these outcrops is most fjcquently derived 
from the oxidation of metallic sulphides containing a large pro- 
portion of iron, such as ordinary iron pyrites, magnetic pyrites, 
chalcopyrite, &c., and being disseminated generally throughout 
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the mass, it imparts to it its usual predominating rod or hrowu 
colour. In some cases the ferruginous capping of lodes is 
a result of the decomposition and peroxidation either of siderito, 
or of bitter spar containing iron. 

Gossans often extend to a depth of many fathoms, but are 
seldom found much below the drainage level of the district. 
They sometimes contain valuable nu‘t ds, sucl) as gold, silver, co})per, 
and lead, which were originally associated with the minerals from 
which the ferric oxide was derive<l. The gold is invariably found 
in the metallic state ; while the other metals may occur in com- 
bination with oxygen, chloriiu% iodine, bromine, See., or with 
carbonic, sulphuric*, or ])hosplioric acids. Arseiiicj is also one of the 
metals often present in ferruginous outcrops, and native copper is 
not of unfrecpient occurrence. With increasing depth these products 
of decorn])osition gradually pass over either into sulphides, or into 
spathic ores, In the same way thc^ anrilerous pyrites occurring 
near the oiiteroj) of gold veins ordinarily becouu's transformed into 
pulverulent oxide of iron, from whiclagold is readily separati'd either 
by washing or amalgamation. From this cause many auriferous 
quartz veins liavc^, when worked near the surface, beam found to 
readily yichl llieir gedd, but after the waler-kivel has lu'em reached, 
sulphides have made their appearance, and much difliculty has 
been experienced in treating tlici auriferous roetk. 

The presence ef such prochicts of de(‘om position at the outcrop, 
has, at all tini(‘S and in all countries, been regard(‘d by miners 
as affording an indication that a vein may, in d(.‘pth, pnne 
abundantly metallif(*rous. It must, nevertheless, bo bc*rno in mind, 
that the decunq>osition of common pyrites, and of various other 
ferriferous minerals, gives rise to the formation of a gossan difi*(*r- 
ing from that which results from the oxidation of chalco])yrite 
chiefly in being somewhat more compact. The occurrence of 
gossan may consequently be regarded as indicating the probable', 
presence of a metallic sulphide, and where one nmtallic sulpbidci 
is present in large quantities, others will j)robably be found. 

When the ferruginous capping of a lode contains, as is often 
the case, other metals in addition to iron, their presence may be 
regarded as adding considei ably to the probability of the occurrence 
of their ores at a greater depth. The wall rocks on either side of 
gossan outcrojis arc usually much decomposed and softened, by 
the action upon them of the various solutions resulting from 
chemical changes which have taken place within the vein. 

Grouping and Sequence of Minerals in TakIcs. — Among the 
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various substances constituting the filling of vein fissures, 
certain minerals are more frequently associated with one 
another, than tlicy are with others. In this way pyrites and 
chalcopyrite, blende and galena, ’wolfram and cassiterite, heavy 
spar and fluor spar, c'i.'c., are found together. These combi- 
nations, wliich are sometimes very complicated, are not always 
consistent, and as the number of minerals which occur in veins 
is extremely large, it would be very difficult to enumerate 
all the rlifterent combinations of this kind which have been 
observed. Definite associations of ores and veinstones are some- 
times called ore fonnaiionSy rnn fi.rrtiations, vein &c. The 

grouping together of certain mineral species in metalliferous 
veins may possibly be due to the common solubility of these ores 
in the same medium, imd to their ability to deposit crystals from 
the same solutions under similar conditions. Although it would 
be difficult to enumerate all the known associations of metalli- 
ferous ores in lodes, the table on p. 55 will afibrd a general idea 
of tlie more simple groupings which they affecU 

The succej'.sion of the various minerals constituting either 
a series of dissimilar combs, or the successive crystallizations of 
geodes or drus(‘s, has long attracted the attention of the scientific 
miner. Many years ago v. Weissenbach observed the following 
se(pienee of vein-material from the wall rock to the centre in 
the system of lodes which occur in the district around Brand, a 
few miles west of Freiberg.’ 

]. Quartz vedns containing iron pyrites, black blende, and 
galena, with mispickel, affording a moderate proportion of silver. 

2. Diallogite and brown spar, in addition to the above- 
mentioned ores, which are rich in silver and contain patches of 
argentiferous tetrahedrite, and other rich silver ores. 

3. Spathose iron ore, fluor spar, and heavy spar, over which a 
greyish variety of brown spar has sometimes been deposited. 
The ores of group 2 are present, but in less quantities, and the 
galena disseminated through the heavy spar contains but little 
silver. 

4. ( !alcit(‘, (K‘(‘{isionally enclosing rich silver ores, but without 
the ores of group 1 . 

The sequence of the various minerals constituting metalliferous 

^ Benilinrd v. Cotta, “ Die Lelire von den Erzlagoi’stiitteii, ” 2iid edition, Freiberg, 
1859, p. 37. American Translation, 1870, p. 14. 

® 0. G. A. V. Woissenbarh, “ Abjifild^iugenmerkwurdiger Gangverhaltnisseatis dem 
sachsischeri Erzgebirge,” Leipzig, 18^6/ p. 31. 
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veins has also been examined by both Breilliaupt and Henwood 
neither of whom was enabled to deduce from his observations 
any general law of succession. With eom})aratively few exceptions, 
however, all the various series of minerals in veinstones begin 


A5?SOriATION OF Ol!ES IN* METALMFKUorS VEIN'S. 


1 Two Members. 

j Three Members. 

; Four or more Members. 

1 

i 

1 OalcMia, blemlo. 

(Jidena, bleinle, iron 
pvritts. 

(Silver ores.) 

j (bileua, blende, iron pyrites, (pmrlz ; 

' mtd s])atliic iron ore, dialJo^ite, 

1 brown spar, calc spar ; or heavy 

I .si^ar. 

Iron pyritos, 
clialcopyrito. 

_ . 

Iron pyiites, clialcop 3 *rite, 
(piartz. 

((/oplJer ores.) 

1 Iron ]»yrit.c.s, chalco]\yrUo, galena, 

1 blende; atid spathic iron ore, 

1 di.illogilc, brown spar, cale spar ; 
or heavy sjuir. 

i 

j 

(iold, (piarlz. 

(lold, ([iiarlz, iron 
pyiites. 

(«ol<l <jnarlz, iron jn’rites, galena, 
hleJidi! ; and. spathic iron ore, [ 
dlillogite, brown spar, eale spar ; , 
or heavy spar. j 

! Cobnlt and 

! iiit‘k(d ovi-s. 

(^»bu]t and nickel ou*s, 
and iron pyrites. 

(N)balt and nickel ores, iron ]>yriloa ; 
and gahnm, bhnnhi, ipiarlz, 
s]>athic iron on*, diallogite, brown 
sj)ar, (‘ale 8j)ar ; or h(‘avy spar. 

1 Tin oro, wo]fr.iTn, 

1 

7 ' i 

Tin ore, wojfnnn, »iunrtz. j 

Tin ore, wolfram, (jiuirtz, mica, 
tonrmalin(‘, topaz, &c. 

Gold, t<dlunuin. 

< iold, tellnrinin, tetrnhtMlritei 
(Various ielluriuni ore^.) i 
1 

(•old, tellnrinin, tetrahedrite, (piartz; 
awl brown spar ; or eale spar. 

Cinnabar, 

totraliedrito. 

1 

1 

rUnnabar, tetralicdrite, | 
pyritc.s. I 

( Various ores of «juick.sil ver. )■ 

(’innabar, tctraluidrite, pyrites, 
quartz ; and spathic iron ore, 
diallogite, brown spar, calc spar ; 
or iicavy spar. 

chlorite. 

]\hit:jn(*tite, eldorite, j 

garnet. 1 

Magnetite, clilorite, garnet, pyrox- 
ene, hornblende, jiyritcs, &c. 


with a layer of quartz, but beyond this it is found that, even in 
the same district the different minerals constituting subsequent 
deposits frequently vary, not only in the order of their succession, 
but also in their composition. 
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The following table has been constructed from a much longer 
one by W. J. Henwood, in wdiich he summarizes the results of his 
personal observations relating to the order of succession of the 
minerals in various lodes in Cornwall.^ 


r()SlTION.S OF CoNSTFTrKNT MrN'KUALS IN CFTITAIN LoOKS IN COHNWALL. 



Substance next 

' Sub.stance ncxi; 

Miiieral.s adjoin- 

Minerals adjoin- 


Rock. 

adjoining tlio 

1 to that which 

iiig that in the 

ing that in the 

Localities. 


rock. 

' adjoins the rock 

last eolunin. 

hist column. 


Granite. 

I 

Quartz. 

Quartz. 

Choleedonv. 


Pcdn-Hii-drea. 




Ar.si*ni}jteufiron 


Huel Gorland. 




VVolfr.iin. 


St Miehad’s Mount' 




IJranitc. 


Gunn IS Lake. ! 



Oxide of tin 

Tungstateof linul 

Ilucl Friendship. 


Earthy lirown 

Vitreous coi>iu‘r 

Eartliy tdaek ) 


llucd Jewel. 


iron c*re. 

ore. 

cojtper ore. J 


Green- ) 
at one . ) 

Quartz 

1 Stiiliictitic "i 
(. (luartz. J 

Quartz. 


Iluel Edward. 



Quartz. 

Aragonite. 


Levant. 


,, 

( Hydrous i 
\ oxide of iron, t 


Kestonnel. 



Chlorite. 

Oxide of tin. 


iriicl Vor. 



i Arsenical 
\ pyrites. 

Arse.nii'al ) 
jiyrites. J 



lluel Unity Wood. 



Chlorite. 

1 

OopiJcr iiyrite.s 

Mineral pitch. 

North Roskenr. 

Clay sliitf 

Quartz. 

1 Quaitz. 

Copper pyrites. 

Quartz 

East Crinnis. 



Copper i>>TUes 

ropj)er Jiyrites. 

United Hills. 


,, 

1 Iron pyrites. 

f Carbonate of 

1 iron. 

Sjiathuse iron > 
ore. J 

Virtuous Lady. 



Galena. 

Galena. 

Quartz. 

Huel Rose. 



Cop]ier pyrites 

( Sulphide of ) 
t bismuth j 

Fowey Consols. 


” ! 

Quartz. 

Blende. 

Fluor .spar. 

' Polberrow, 

El van 

Oxide of tin. 

Oxide of tin. 


1 

Wherry Mine. 


Quartz. 

1 Earthy brown 
\ iron ore. 

Blue carbonate] 
of copper. } 


Ting Tang. 


Eart hy brown "J 
iron ore. J 

Native copper. 

1 

' 

Huel Biiller. 


Quartz. 

( Vitreons \ 

[ \ copper ore. I 
f Red oxide of > 



1 

1 

Ting Tang. 



1 copper. j 
Chrysocolln. 


1 

1 

1 

If 

1 


The most recent investigations relative to this subject are those 
lately published by Sandbcrgcr on the paragencsis of the minerals 
constituting the veins at Scluapbach, in Baden. In this mine two 
distinct lode formations are developed on the course of the 
Friedrich-Christian Vein where it traverses the gneiss, namely 
the Schapbachite, or bismuth-silver-ore formation, represented by 
the so-called “ Hard Branch,'’ and the coarse-copf)er and lead-ore- 
bearing fluor-spar-pyrites formation. 


* Trans. Royal Geol. Soc, of Cornwall, vol. v, 1843, Table 0, facing p. 214. 
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The succession of the different minerals contained in both these 
formations has been carefully worked out, and numerous sections 
across the veins at different points are given. A compreliensive 
table is also furnished showing the secpience oi the various 
secondary imixcYiih resulting from the decomposition of \\n?. jirimary 
or normal ores, &c., originally de])osi ted in the vein lissuro. In this 
case, as in those already (pioted, there is great irregularity with 
regard to the succession of the variems dept>sits, but in order to 
render this obvdous it will be sufficient to give tlie results of 
Sandberger’s examination of the Hard Branch only : 


FuiEDiiicii-CiiiiisTiAN Vein. — rARAOENESis OF Hard Brakoh.’ 

cr. 1. Decomposed granular banded gn(‘iss, witli reddish fidspar and wlntish mica. 

2. White quartz, passing into greyish horiistone and milk-hliic chalcj'dony, with 

angular fragments of the country rock, disseminated SehaphachiU', gahma 
(I), and copper pyrites (1). 

3. Quartz ooR. ±R. 

4. Claleua ooQoo. O (Twinning on 0). Native bismuth - 2R.0R, in very small 

cjystals in tJic rarely-occurring drus<*s. 

b. 1. Oiioiss (as above). 

2. Compact (pinrtz ami chaleedon}-,Vith strings of Sehajtbacbitc .an inch wide, and 

nests of massive copper pyrib‘S (I) and crystals of iron pyrites ^ c »0 00^ 

3. Roselite in transliujent bbjbs in fissures, coating quartz and iron pyrites. 

c. 1. Grc}'' horiistone with dis-semiiiated Schajihachito and galena (I), copper ]>yritos 

(I), and iron pyrites (1). 

2. White quartz ( 00 It. ±R}, galena (I) ocOoo.O). 

Native hisinntli (OR. -- 2J{), hismiitb glance occurring only in druses, in aggre- 
gates of very small .acicular ('lystals. 

d. 1. Whitish gneiss. 

2. Grey quartz with Schaphachite and galena (1), and copper jiyrites (1). 

3. White quartz, witli numerous impressions of cubes of thior sj)ar, 

4. White qiiiirtz in crystals (00 K. ±R.). 

e. 1. Whitish gneiss, 

2. Gray quartz, with Schaphachite and galena. 

3. Coarse foliated calc spar (I), crystallized in large scalenohedra (R’*) in druses, 

hut mostly corroded and earthy or dull. 

/. 1. Whitish gneiss. 

2. AVhite compact quartz. 

3. Fluor spar (1) pale green, mixed with calc (B coarse-grained galena. 


^ Fridolin Saiidberger, ** Untersuchungen iiber Erzgange,” Parti., p. 80, Wies- 
baden, 1882. 
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g. 1. Quartz ^TI) in larger crystals, with galena. 

2. White calc spar (1) (R'*). 

3. Quartz (IV) and copper pyrites (III) in thin crusts, 

h, 1. Quartz (11) in larger crystals, with milk-white roundish enclosures. 

2. Cop})er pyrites (11) in twins. 

3. Brown spar (R). 

4. Calc spar (11) (ooR.RS. - IJl.R), 

L 1. Quartz (II) in larger crystals. 

2. Calc si)ar, in sheaf-life aggregates of scalenohedra (R®) an inch long, super- 

ficially altcjred into chalybite, encrusted and penetrated by 

3. Quartz (III) pseudoniorphous after barytes. 

4. C^alc spar (11) in small groups of crystals (coR. - ^R)- 

5. Copi)er 2 >yrites (111) crystallized, with small crystalline aggregates of ([uavtz 

(IV). 

k. 1. Compact (piartz with angular fragments of gneiss, and dissi niinated galena and 

copper jiyrites (I). 

2. Fluor spar in rough yellowish cubes, in regular intergrowths with quartz (111) 

after barytes. 

3. Calc siuir (1 1) ( (»R. - 1 R). 

4. Copi»er pyrites (111) crystallized. 

In the foregoing table, when a mineral has been forme(3 at only 
one period in the history of the lode, no large numeral is 
affixed. The numbers I, II, III, and IV, indicate four successive 
stages of deposition for each mineral, but they do not refer to any 
particular band or contemporaneously formed pair of bands in the 
lode. These latter are indicated by the small numerals arranged 
under the different sections «, 5, c, &c., in the table of paragenesis. 
The sections show the contents of the lode at certain spots, 
selected as typical of the ditfereiices occurring successively along 
its course. 

The various minerals of which metalliferous veins are composed 
do not always, even in the same lode, occur in a similar order of 
succession, and when the same minerals are found in corresponding 
order in different veins, it by no means follows that they are of 
equal geological age. Metalliferous minerals occur in veins of 
every age, and the same minerals are sometimes found in a simi- 
lar order of succession in those belonging to very different periods ; 
such series being not unfrequently repeated more than once in the 
same vein. In such cases, similar processes of formation appear 
to have been periodically repeated. 

These successions of mineral deposits cannot therefore be 
regarded as characteristic of particular geological periods, neither 
must their nature be considered as dependent on their age. The 
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same periods have not everywhere produced similar combinations 
or successions, and dififerent periods totally dissimilar ones ; con- 
sequently, it is not possible from the nature of the mineral 
combinations and successions Avhich occur in a given vein to 
determine its geological age. In the case of vein fissures formed 
at different periods, the mineral deposits which take place will 
depend upon the nature of the substances dissolved in the waters 
circulating through them at the time of their formation. In 
the same locality the nature of these solutions has changed from 
time to time, while similar solutions have re-appeared at certain 
intervals which have no known general connection with geological 
time. These changes have been confined to comparatively 
limited areas, and are not believed to have affected all veins of 
the same nge. 

In addition to the minerals originally d(;posited in vein fissures 
during the progress of filling, lodes often contain other mineral 
substances which have been derived from these original deposits by 
their decomposition and a new arrangement of their constituents. 
Secondary formations of this kind, for the most part, constitute a 
very small proportion only of a lode, and occur chiefly near its 
outcrop and in the vicinity of its intersection by other veins. In 
this way^ in addition to oxide of iron derived from the decomposition 
of sulphides, the gossans forming the outcrops and shallower portions 
of many lodes frequently contain massicot, cerussite, anglesite, pyro- 
morphite, wulfenite, &c., resulting from the alteration of galena ; and 
cuprite, melaconite, malachite, and azurite from the decompo.sition 
of chalcopyrite. 

The formation of these secondary minerals can however be 
generally traced to well-known chemical reactions, and is there- 
fore quite distinct from the agencies by which the disposition of 
the original vein matc'rial was accomplished. 

The occurrence in lodes of minerals exhibiting pseudornorphic 
forms, produced by their deposition in moulds left by the removal 
of crystals of other substances, and the presence, in drusy cavities, 
of stalactites of calcite, quartz, pyrites, &c., indicate that a partial 
decomposition and re-arrangement of some of their constituents 
has been effected by the action of water at comparatively low 
temperatures. 

The w^ater now issuing from the back of one of the cross-cuts 
at Dolcoath dejjosits in considerable (quantities a soft, greyish-brown 
precipitate, iron sinter, which frequently assumes stalactitic forms. 
Similar incrustations, although generally less abundant, arc found 
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in nearly all deep mines wJierever water issues from the vicinity 
of a vein and flows over the surface of the adjacent rock. 

Two analyses made of air-dried specimens of this substance 
afforded the following results: — 


I 

i Water ' 

t hygroscojuc 
F(*iTic oxide . . . . 
Manganic oxide 
Ars(jiuc acid . . . , 
Arsenious acid . . 
Sulphuric acid . . . 


1. 

11. 1 

1 

12-77 

11-45 

irr90 

15-20 ; 

3G-30 

37-75 i 

tracH ■ 

tra<*c 

32-47 

32-55 

tiatie 

-08 : 

2-05 

2-52 

l()()-09 

100-15 ! 


No. L is an analysis of this deposit made in my laboratory; 
No. II. is that of another specimen, made by Mr. Dugald Camijbell. 

Injlncnec of Depth upon Lodes. — ¥ or a long time there appears 
to have be(m an imi)ression that lodes arc productive to a certain 
d(4)th only, and that all b(‘low is barnm and without value. The 
earlier miners in California were so fully impressed with the idea 
that the outcrops were more productive than the deeper portions 
of the same vedns that when the (juartz ce.ased to afford remuner- 
ative results, they seldom pi'oceeded to any considerable additional 
depth before sus])ending their operations. Within the last thirty 
years, however, experience has entindy changed their opinion upon 
this subject, as deeper workings have led to the conclusion that 
there is no evidence tending to indicate a progressive falling off in 
the yield of gold. 

Auriferous veins are always variable in their yield, and it may be 
assumed that those which at the surface afforded evidence of the 
presence of gold first claimed the attention of the miner. These, 
after having been worked to a more or less considerable depth, 
ultimately became unproductive, and although further prosecution 
of the operations might have led to frcsli discoveries, the miner, 
who was usually without capital, soon transferred his operations 
to some other outcrop showing visible gold. 

Another reason for the prevalence of this belief among the earlier 
miners may be traced to the fact, wdjich has been previously men- 
tioned, that gold is almost invariably associated with iron pyrites 
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ami other metallic sulphides, and these becoming decomposed, near 
the surface, liberate the gold, which is readily collected by wjishing 
and amalgamation. In tlic deeper portions of a vein these sulphides 
remain undecomposed, and although an equal amount of gold may 
be present, the results obtained by the miner are less satisfactory. 
With improved machinery and better methods of treatment, this 
difficulty has now to some extent disa])i)eared, although it is well 
known that the gold liberated by the natural decomposition of 
pyrites can be very easily collected. 

The working of mines is more easily and more cheajdy con- 
ducted iK^ar the surface than at more considerable depths, and 
as the difficulty and cost increase with the progress downwards, 
horizontal explorations on the strike are, in the aggregate, much 
more extensive than are those upon the di]) of lodes. When at 
a given depth a lode or shoot of ore has temporarily ceased to 
be prodiictive, it frequently liappcuis that any additional sinking 
would necessitate the enaction of more poAverful machinery, and 
hence there is a greater tendency to drive levels than to siuk 
shafts. Statements relative to the entire disap] )earaiKte of lodes 
in depth must thertdbrc be received with caution, since, had the 
workings been continued, the vein would ])rol)al>]y have again been 
found and have again become productive. ()()m])aratively few 
mines have refu hed four hundred fathoms, but there is reason t-o 
believe that true veins extend to de])tlis to which the miner will 
be unable to follow them. 

According to laeber, many lodes botli in North and iSouth Carolina 
appear to contain gold near the surface, wdiilo lower down tiny 
yield lead and co])per ores with but little gold. Tlie succession 
from the top downwards is stated to be gold, lead, coj>p(‘r; but his 
observations were not made in each case on tlu* same lode, and tlie 
conclusions at wliich he arrives are at variance with thos(‘. of other 
observers. Messrs. Shepard and Eights state that gold is ])resent 
in these veins at all (lei)tlis that liave as yet be(;n reached, hut is 
easily recognizable in those parts only where the d(*compositioii 
of sulphides has resulted in the formation of gossan and the libera- 
tion of gold. My own examination of the region in question 
would lead me to agree witli the last namcid observers. 

Many of the lodes in Cormvall which in the shallower levels 
yielded an abundance of copper ores, now at greater depths afford 
large quantities of tin oxide; but whether copper ores again occur 
still deeper is unknown. If it were establislicd that change.s in 
the composition of lodes took place at approximately fixed depths 
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from the original surface, the phenomena might be regarded as 
due to the constantly increasing temperature and pressure resulting 
from greater depth ; but up to the present time we are without 
any reliable data bearing upon this subject. 

Inflitences of the Country Rock . — Every one who has written upon 
the mining districts of Cornwall, has remarked that almost the 
whole of the mineral weath of that county occurs within a distance 
of some two or three miles on each side of the junction of granite 
and clay slate or killas. According to W. J. Henwood, who care- 
fully studied the subject, no part of this line appears, however, 
to have been notably more productive than any other part of the 
same extent within the distance mentioned.^ And although lodes 
not uncommonly run for many fathoms with granite on one side 
and slate on the other, or with either of these rocks forming one 
wall and elvaii, qmrfz^poviiliyryy the opposite one ; yet the portions 
of the lodes thus contained between dissimilar rocks have not 
generally been found to bo tlie most productive. The metalliferous 
contents of hjdes appear also to bij not only affec^ted by the mineral 
composition of the contiguous rocks, hut in some degree also by 
their position and mechanical str mature. 

Whether the nxdvs b(i granite*, slatt*, or el van, their hardest 
])ortions ar(i always (]ua.rtzose, and in thesi* the lodes are seldom 
rich. Tn granite, a fine-grained rock, locally known as lo/tdskme, is 
always an unfavourable indication, while if that which is of a coarser 
texture contains large white and shar])ly-defined crystals of fels})ar, 
the indication is ecpially unfavourable. 

If, on the contrary, tlu^ grain of the rock be neither very fine, 
on the one hand, nor particularly coarse on the other, while the 
enclosed crystals of felspar have a greenisli, brownish, or pinkish 
tint, with indistinct outlines merging into the grouiul-mass, (piartz, 
mica, and sometimes schorl being present, the character of the rock 
is considered to be a favourable one, and lodes enclosed in it may 
be expected to be fairly productive, es})ecially of tin ore. 

A hard, fine-graiiu‘d quartzose elvan that contains schorl, 
either diffused as a colouring matter only, or in groups of radiating 
crystals, is not a favourable country rock, as the lodes in such elvans 
frequently divide and split up into innumerable branches, which 
reunite wdien they approach softer and more felspatliic varieties 
of the same rock. Tlie varieties of elvan most favourable to riches 
differ slightly as regards tin and copper ores. Lodes are sometimes 
tolerably productive of the former, even when split into strings 
^ Trans. Hoy, Geo. Soc. of Comically vol. v. 184:1, pp. 219-225. 
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and enclosed in a glassy quartzose elvan. In the case of copper 
ores, on the contrary, unless the rock bo soft, and to some extent 
decomposed, the lodes dwindle and become unprofitable. 

In the neighbourhood of the St. Just and St. Ives copper mines 
the rock is a fine-grained hornblendic slate containing felspar. A 
decomposed slaty rock of a pale greyish hue passing into a dull 
white, and sometimes marked between the laminm with bluish 
spots, accompanies the richer portions of the copi)er lode s in tlie 
greater pait of the (iwenriap district. The sanu' or vtTy similar 
rocks occur in the neighbourhood of St. Agnes, in some portions of 
the St. Austell district, and in the neighbourhood of Callington. In 
these tin ore is by no means abundant, although it is found in th(‘ 
shallower ])arts of some of the lo(h‘s. (.opjuu* ores not only occur 
in this rock, but have been phail.ifiil in the sanu^ lodes aft(*r Icuiving 
it and entt^ring a dark -blue ([uartzose slate. In far the grc'ater 
number of instances, however, the riches dwindle or sudd(‘nly 
disajjpear with this change of the country rock. In some parts 
of the Gwc'unap district, a slat(^ of a nnldish colour is r(‘garded as 
being equally unfavourable to tlui yield of tlu‘ lodes by which it 
may be intersc'cted. 

In many of the most ])roductlve mines of W(‘stern and Gcaitral 
(k>rnwall, and gtmerally throughout the Tavistock district, coj)])er 
ores, chiefly occurring as copper ])yrit(‘s, are found in a (U‘e])-blue 
clay slate having a glassy or silky lustre, and opiaiing in thick hori- 
zcintal joints which coincide with the pla.n(*s of (‘h‘avage. LodtiS in 
this rock do not usually contain tin ore, and if t he slate assum(?s a 
de(‘per hue the c()])per ores are r(*])]aced by iron }>yntes ; wfiile if tlu^ 
rock becomt's (piartzose, t‘ven the iron j)yrit(‘s its(df (lisapp(‘ars. 

Wherever tin ore is abundant, the slate is of a tolerably uniform 
character, being d(‘e])-blue in colour with ocjc'asionally a sonuiwhat 
greenish tinge, a.nd a. gloss or silkiness on the surface of the ch^avage 
planes, A diminution in the de2)th of colour, and a softening in the 
texture of the rock, are considi‘r(‘d unfavourable indications. The 
lodes which afford lead ore occ.ur in bluish or greyish slates, and 
are generally situated at considerable distances from tluj granite. 

With regard to the mechanical structure of rocks, it has been 
observed that, when in granite, slate, or even in elvan, the joints 
nearly parallel to the* course of a lode fall towards it in descending, 
it may be regarded as a favourable indication. On the other hand, 
when such joints diverge from the lode as tliey go downwards, it 
is generally considered to be an indication of poverty. Many joints 
traversing a lode appear to exercise an unfavourable influence upon 
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it, and a course of ore is sometimes cut completely off by a joint 
running across the lode. In slates, whenever tliey become quartzose, 
their cleavage planes are almost invariably much curved or contorted, 
and tlie rock is more than ordinarily fissile ; such conditions are 
generally considered iinfVivourahle to the presence of large deposits 
of ore. When, on tlio contrary, the planes of cleavage are not 
distinctly curved, and the rock exhibits a thickly lamellar struc- 
ture, th(‘. lodes passing through it may be expected to be fairly 
productive. All tliese indications are, however, extremely local and 
often confiiKMl within very narrow limits, since in tlie same rock there 
is frequ(‘ntly an alternation of the lodes as soon as the character 
of the surrounding country becoin(‘s slightly modified. 

In the north of England, where the lead veins are situated in 
regions of Carboniferous Limestone, a singular dependence is 
observed between the contents of a virn and the nature of the 
country rock. In (Jnmb('rland, the veins divide linu*stones, sand- 
stones, and shales, and th(\se are brought into various O})position 
to one another by tin' (lisj)la(‘ements which a(!Company nearly 
all the veins. A vein is sometimes jaodiudive of lead ore under 
all circumsta-nces of op]:)osition in the enclosing rocks. When 
limestoru^ forms the walls, its ])r(Klu(*tiveness is usually at the 
maximum, a-nd schist, and solid sandstones, likewise en(dos(^ 
prodiuttive vt‘ins ; but they arc^ generally contracted in width and 
iinpovc'rished in their contents whenev(‘r tlu‘y are included between 
walls of slati', aiid <‘ven when one wall only is o(‘cu 2 )i(‘d by tluitrock 
the same (‘ffect is fre(]U(‘ntly observe<l. 

In Derbyshire, th(> veins ]>a.ss through the Mountain Limestone, 
and often through its associated igneous rocks, as well as across the 
various accumulaticuis (ff shales and sandston(:‘S. The lead ore 
generally, but not always, occurs in tlu‘ limestone scah's and most 
abundai\t-ly in thci u])pt‘r ])ortioiiS of it. The igneous rocks, fonfUloncs, 
are sometimes densi*, hard traps, while at others, though originally 
vesicular, the v(‘sicles may 1 k‘ now tilled l)y various infiltrated 
miiUTals; tlii'y are gtaierally regarded as unfavourable to the 
production of the emdosed veins. The Derbyshire miners were 
formerly of o|>inion that V(‘iTis do not traverse theses toadstnnes or 
hJ(tckdo)ici>, as thew a,n^ sometim(‘s locally termed, but it is now well 
known that the true fissure veins, or roh’s, pass through these 
igneous rocks as w(‘ll as through the limestones, but that where 
they constitute the walls of the vein, lead ore is usually absent. 

Among the limestones themselves, certain beds are considered 
more favourable than others as walls to lead veins, and the jiresence 
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of dolomite is always regarded tis an unfavouraMe indioatiou. 
Although lead veins are frequently continued through certain 
shales overlying the limestones, which sometimes contain a 
considerable amount of carbomu;eous matter, veins so enclosed 
are seldom productive. Many of the smaller metalliferous veins 
in the Derbyshire limestones are, in point of fact, merely joints 
in the rock which have received a deposit of lead ore of sufficient 
importance to induce the minor to follow them in his workings. 
In Alston Moor, Tecvsdale, and Swaledale the upijcr tliick limestone 
is far the richest in lead ore. 

In the district around Freiberg the lodes producing silver ores 
are generally enclosed in gneiss. This rock, whicli is divided into 
many different varieties, is travcTscnl by dykes of por}hyry and 
greenstone, and passes into micta schists containing bc'ds of limestone, 
but V. Cotta states tliat the mincu's attach little imj)ortance to any of 
these variations of the country rock. The gneiss of thc^ Erzgebijgc 
may be divided into two j^rincipal varieties, namely, the common 
(jrcy gncus, and the red gneisfi, so called bec.ause its fels})ar lias a 
red colour. Both the grey and the red gneiss vary consiclc‘rably 
in comjiosition and texture, and it sometimes bocomc^s difficult to 
determine wliethcu' a jiarticular moditicatlon should be classific‘d 
with the grey gneiss or with the rod. The tyjiical red gneiss would 
appear to jirosent all the characteristics of an igneous rock, which 
is never the case with the normal grey gneiss of the Freibcirg 
district. The grew gneiss contains from 04 to 67 pc*rc*ent. of silicia, 
and is ccmijjosed of orthoclase, a small projiortion of oiigoclase 
with quartz, and mucdi cl ark -coloured mica., Thc‘ red gneiss c*,ontains 
jrom 74 to 76 ])cr cent, of silic*a, and c^onsists of orthexhase^, cpuirtz, 
and a little nearly coloiirhiss mica. According to v. Cotta and 
Mulli.T, throughout the Erzgehirge the grc‘y gneiss aj)]>ears to 
exercise a mcjre favourable intluencci on tbe metalliferous contents 
of tbe lode than the red gneiss, whicli contains conqiaratively few 
metalliferous veins.^ It, however, ajqiears t)ia.t there are numerous 
intermediate grade's bc;tween the two extremes whicli cannot with 
certainty be assigned to eitlier variety. Mullers gcmeralizations 
must consequently lose much of both their practical and scientific 
inq3ortance. 

At Kongsberg, in Norway, tbe mines are situated in gneiss and 
crystalline scliists, of which tlie district for a length of about a 
hundred miles and a width of some fifty miles is chieffiy conqiosecl. 
Certain belts or zones of these crystalline rocks, known as fahlhundB^ 

^ B. V. Cotta and H. Muller, Gangstudieu,” vol. i. 1850, p. 200. 

F 
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lire of considerable length and breaflth, and are impregnated with 
finely divided sulphides of iron, copper, and zinc, with sometimes 
also those of lead, cobalt, and silver. The iron pyrites is often to 
some extent decomposed, giving rise to the formation of hydrated 
feme oxide, which is locally regarded as an indication of the 
presence of silver ores. In the Korigsberg district there are several 
of these fahlbands, pirallel in strike and inclination with the other 
gneissoid and schistose roc*hs of which they form a member. These 
fahlbands are themselves traversed by metalliferous veins containing 
silver and otlier ores, which are never productive exce])t where 
they intersc^ct a fahiband. In this instance it would appear that 
the iinpn'gnation of the veins Avith mehilliferous minerals is 
directly dependent on the nature of the enclosing rock, rendering 
it probable that the metalliferous minerals were originally derived 
from the fahlbmids, from which their removal and subsequent 
concentnition in lodes have lx‘.en effected by chemical agencies. 

Tlie for(‘g<nng and mmiy similar examples of the influences 
exercised by c^ouutry rocks upon the 1(k1(*s j)assing through them 
have IxKUi long known asisolakHlfacts, but the recent investigations 
of Sandberger and others hava‘ thixnvii much additional light upon 
the subj(ict, and have invcistcMl it with a significance wliich it did 
not previously possciss. The r(‘sults of these investigations will be 
stilted, arid their bearing upon the productiveiu\ss of lodes discussed, 
wlien wo consid(‘r the various th(M)i ies which have been advanced 
to account f<»r the formation of metalliferous veins. 

ralmmtohnjy of Mineral VcinrS . — Mr. Charles Moore, who f>aid 
much attention to fhis subject, found that many of the clays or 
ducans a,ss(x*hitc^d with the l(\‘ul hnlcs in (jarhoniferous Limestone 
enclose numerous fossils of (.Virlxinifeixais, Permian, Rhmtic, and 
Liassic age. He, moreover, (mtortained tlie i>pinion that veins of 
this class are of purely marine origin, and that thc^ various organisms 
which they (^ontiiin W(‘re deposited in open fissures existing in the 
sea bottoms of the several periods to Avhich the fossils severally 
belong.^ 

It would appear boAvcver far more reasonable to suppose that, 
in the majority of cases, the vm'ious organisms which have from 
time to time been discovered in veins had already become fossilized 
when they were transported by the agency of water from higher 
ground into the various fissures of the limestone. The inve.stiga- 
tions of Mr. Mexxro comprehended the examination of materials 
derived from veins and vein fissures in the Carboniferous Lime- 
^ Report of the Bi'itish Association for the Advaneement of Science /w 1869, p. 360, 
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stones of Wharfedale, Wensleydale, Weardale, Toesdale, Svvaledale, 
Alston Moor, Keswick, North and Soutli Wales, and parts of 
Somersetshire. 

In the Carboniferous Limestone districts of Holwell and Frome, 
Rhcetic and Liassic organisms fonn a largo proportion of the 
fossils present in the veins, and the same is the case throughout 
the Mendip range and in South Wales. In North Wales and in 
the north of England, on the contrary, Carboniferous remains are 
most frequent, while those of later age are exceptions, some of 
these being Entomostraca of Permian species. According to Mr. 
Moore, fossil remains arc of more frequent occiiiTence in veins 
traversing the Carboniftirous Limestones of the Mendip Hills than 
they are in those of any other locality which he exaininetl ; but, 
with one exception, he never failed to find fossils wlu^rever he 
sought for them in veins enclosed in limestones belonging to this 
formation. 

Age of Mineral Veins . — True veins or lodes must in all cases 
necessarily be of more ix'cent origin than tluj rocks in which tluy are 
en(‘losed, and when one vein crosses another it evidtmtly must have 
been formed subsequently to the vein so int(TS(U‘t(‘d. In this way 
tln^ relativ(‘ ages of different veins occairring in a giv(*n distri(‘t may 
often be dc‘t(irmined without much difliculty, but to assign tln^ 
formation of any V(;in or group of veins to a, (hifinite period of 
geological time is fre(|uently more difficult. Sometinu's also it is 
not easy to determine whether or not lodes are oldiT than certain 
neiglibouring rocks which have not In'en intt‘rsc‘ctc;d by th(;nj. 
When, howevc.'r, a vein do(*s not traverse tlu^ stratum immediahdy 
above it, or is cut off in direction by a band of r<jck which it 
nowhere penetrates ; or, again, if a given ro(‘k (jontains fragments 
of a neighbouring vein, it becomc\s evident that th(i vein may in 
each case be regarded as luung old(‘r than the rock. 

In this way it can often be shown that a vein must be older 
than certain formations in its neighbourhood, although it will 
generally be more difficadt to determine how njuch older the vein 
may be than tljc evidently more recent rock. Such a deter- 
mination can only be accomplished when the filling of a vein 
fissure may be referred to a period which elapsed between the 
formation of the rock which it traverses and that of a later deposit 
of well ascertained ago, following closely in geological succ(ission. 
Metalliferous veins are, as a rule, of more frecpient occurrence in 
the older rocks than in the more recent ones, and from this 
circumstance it might possibly be inferred that the formation 

F 2 
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of lodes is a process wliich lias gradually decreased in activity witli 
the progress of time. It, however, appears far more probable that 
tlie formation of lodes has taken place at all periods of the world’s 
history, and that, as a consequence, they are more frequently enclosed 
in the older rocks than in the newer ones ; which, from being of less 
age, have bc^en subjected during a less extended period to vein- 
producing influences. The following may be quoted as examples 
of mineral veins of comparatively recent date. In the department 
of Aveyron, in France, lodes of argentiferous galena associated with 
ores of copper traverse the Lias. In Algieria, lodes of tlie same 
c^ass are enclosed in rocks belonging to the Cretaceous period. In 
(California, a proportion of the auriferous veins are included in 
rocks of Jurassic age, while the auriferous quartz veins of 
Vbriispatak, in Transylvania, traverse Tertiary sandstones. 

Further evidence that quartz vedns are sometimes of very 
recent origin is .afforded by the fact that in the vicinity of 
Volcano, in Amador County, (Jalifornia, a distinctly marked quartz 
vedn is ()bs(3iwed to cut through beds of sand and gravel, and 
presents unmistakable evidence of having been formed subse- 
quently to their de})osition, by the aedion of water holding sili(!a in 
solution. This vein is chiefly com])os('d of chalcedony and agate, 
but portions of it ar(3 more or less stained by a ferniginous deposit. 
This is by no means a solitary case, many other localities having 
been noticed where (piartz veins, almost identic^aJ in tludr general 
fe.atures with those met with in the aurihu’ous slates, must have 
been formed during the most recent geological epochs.^ 

From certain ])henomena which havi^ been observed in Cali- 
fornia, it W'ould appe.ar probable tliat in various lo(*alities lodes and 
other metalliferous <leposits may, even at the j:)resent time, be in 
active progress of fonmation. 

One of the largest deposits of sul])lmr in California occurs 
in Lake County, a mile beyond the ridge wdiich bounds Borax 
Lake on its north-eastern side, and is many acres in extent. 
This ‘‘ Sulphur Bank ” is eumj)osod of a much decomposed volcanic', 
rock, traversed by numerous fissures, from wddeh gases, steam, and 
water, either in the form of spray or of vap{)ur, constantly issue ; 
and throughout the entire mass sulphur has been deposited in sucli 
large quantities that, at a short distance, the whole appears to con- 
sist of that subst.anco. In the immediate neighbonrhood of this 
solfatara are springs which give off carbonic acid, and of which 


^ Geological Survey of Calif omia^ vol. i. 1865, p. 276, 
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the waters contain carbonates of sodium and ammonium, chloride of 
sodium, borax, &c. 

The sulphur from this locality contains a small amount of 
mercury in the form of ciimahar, and tlie sides of the tissurc's in 
the vcjlcanic rocks through whicli tlic gases and water make their 
(‘scape are sometimes coated with gelatinous silica., bcmeath whicdi 
is a layer of chalcedony resting u])on a stratum of crystalline 
quartz. This siliceous deposit contains pyrites and a. notable? per- 
centage of cinnabar, or is stained by a tarry hydrocarbon ; while 
the crystals of cpiartz enclose licpiid caviiic's in which the usual 
bubbles are distinctly visible. 

In the year 18G() I visitc‘d Bonix Lake and the neighbouring 
Sulphur Bank in conqiaiiy with Mr. R. Oxland, who was tbe first to 
call attention to the ]n’esence of cinnabar in the sul]>hur from this 
loc.ality ; and in LSoS I juiblislicHl a pa])er (idling attiodion to thc^ 
probability of ccu’tain mineral d{‘posits having been the rcssult of 
hydrothermal or solfataric nction.^ 

For some yc*ars this solfatai'ji was worked as a source of 
sulphur only ; but during tlu‘se opcTations so large an amount of 
cinnabar was discoverc'd, both in the d(‘composc?d basaltic? ro(*k and 
in the sedinu'iitary strata bi'uc'ath it, as ultinudcdy to lead to th(3 
opening up of the Sulphur Bank as a mercury mine. Idiis has 
yielded large (|uantities of (pii(?ksilver, and atfords a striking and 
instrucitive example of a recjently formc?d mineral d(*posit resulting 
from agencies apparently still iii o 2 )era,tion. 

Many years ago, silver was found in the sinter-likc? dc*posit from 
a hot S{)ring in the (;*uunty of (Colusa.; and, ])revioiis to bSCJo, Pro- 
Lessor \Vhitn(*y had been shown at (d(‘ar Lakt? sons* peculiar and 
interesting specimens of water- worn cinnabar en(?losing specks of 
gold, said to have been found near Suljdmr Springs in the same 
county.^ 

These, from being water-worn, and from not having been found 
in sitAVy necessarily lost a (?ertain portion of the int(irest wlii(?h 
would have otherwise been attached to them. Mr. M(?lville 
Attwood, of Saucelito, has liowever furnished me with a sp(?cim(?ii 
of cinnabar from Colusa County, which, after h.aving been form(‘d 
upon one of the surfaces of a fissure, had subse<iuciit]y becojue 
covered by a brilliant deposit of metallic gold. 

Steamboat Springs, in the State of Nevada, are situated near 


^ “Notes oil the Chemical Geology 'of the Gold-fields of Cnlifoniia,” Phil, ^fag.^ 
vo]. xxxvi. 1808, p. 321. 

- Geological Stirvcy of Calif or vol. i. 18(55, p. 92. 
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the base of a volcanic liill seven miles, in a direct line, north-west 
of Virginia City and of the famous silver mines on the Great 
Comstock Lode. Tlie rock at this place is traversed by several 
parallel fissures, whicli either give issue to heated waters or 
simply throw off clouds of steam. The most active group of 
these crevices comprehends five parallel longitudinal openings 
extending, nearly in a straight line, for a distance of about a 
tliousand yards ; their general direction is nearly north-east and 
south-west, and all of them are included within a zone two hundred 
yards in width. They are sometimes filled with boiling water 
which overflows in the form of a rivulet, while at other times 
violent ebullition is heard to be taking place at ft short distance 
below the surface. 

These fissures are lined with a siliceous incrustation, which is 
being constantly deposited, while a central longitudinal opening 
allows of the escape of gases, steam, and boiling water. The 
water is slightly alkaline, and contains carbonate of sodium, sul- 
phate of sodium, common salt, &c. Carbonic acid escaj>es nearly 
along the whole line, while sulphuretted hydrogen is evolved and 
a small quantity of sulphur deposited at certain points. The 
fissures, which a})pear to have been subjected to a scries of 
r(q)eatod widenings, siuih as would result from an unecpial move- 
Tuent of their walls, are lined, sometimes to a thickness of several 
fe(^t, by incrustations of silic^a of various degrees of hydration, 
containing hydratc'd ferric oxide and, exc!(‘ptionally, crystals of 
iron pyrites. This silica exhibits the ribbon-like structure so fre- 
([uently observed in mineral veins, and, when examined under 
the microscope, is s(‘en to consist of alternately amorphous and 
crystalline bands, enclosing druses lined with minute crystals 
of quartz. 

At a distance of nearly a mile, in a westerly direction, from 
the locality above desca’ibed is an older group of fissures in every 
respect similar to those of Steamboat Springs, except that they 
are no longer traversed by hot water, although still at various points 
giving off a little steam and carbonic acid. Towards the southern 
extremity of the principal fissure of this group the siliceous 
deposit extends considerably beyond the edges of the cleft, and 
has accumulated to a distance of many yards on each side of the 
opening. The silica of this deposit is sometimes chalcedonic and 
contains nodules of hyalite ; the larger proportion of it, however, 
although somewhat friable, is distinctly crystalline. The crystals con- 
tain numerous liquid cavities, and exhibit the usual optical and other 
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characteristics of ordinary quartz. Besides oxides of iron and 
manganese, this quartz contains small quantities of iron and 
copper pyrites; and in a paper on the Gold R(‘gions of California, 
published in 18G3, M. Laur states tliat he had found it to contain 
distinct traces of gold. With regard to these deposits, tliis 
gentleman remarks that, so far as auriftTous quartz veins are 
concerned. Steamboat S})rings a.p]>ear to place before us a 
sort of practical voriti(*ation of the theory ^\'hich r(‘gards a 
certain class of metalliferous deposits as being })roduced by 
mineral waters in the fissures through wliicli they cireulat(‘.^ 

For a long time local atUmtion does not ajqx'ar to have been 
directed to the Steamboat Valh'y ; but in the year LSTS om^ of the 
older fissures ^\^‘ls opemed by a tunnel to a ile]>ih of fift y feet from tlu^ 
surface, and the veinstone was th(‘re found so impregnat.(‘d with 
cinnabar as to yield a nuTcurial ore of sojm^ comimucial value. 
At this depth the temperature was not sufiieiimtly high to ea.us(^ 
inconvenience to the workmen, and fiv(5 sanqtles of the on? wliich 
wer(i subjected to assay gav(^ an av(Tage yitdd of 2*b() ])it (U'nt. of 
mercury. Steamboat Sjirings thus afford anotluT (‘xamplc; of tluj re- 
cent formation of a metalliferous deposit by the agency of heated 
waters. 

In continuation of this sul)je(d. it may be m(‘idion(‘(l that a d(‘poHit 
of bright-red cinnabar in a br(‘cciat(‘d V(‘in mass o(‘curs near tiu* hot 
springs at Calisi.oga, at the. foot of Mount St. Hehuia. Ihn-c^ frag- 
ments of an amorphous silhuious nx-k a,r(; ceumaihid tog(‘th(‘r by 
crystallized quartz showing distinct. Iin(‘S of a,c(T(t.ion, throughout 
which minute granules of sidphide of mercury are ])]entifully dis- 
seminated. 

The Gre*.at Comstock Lode is situated in a volcanic; district s(‘ven 
miles south-east of St(;amhoat S])rings, lias a nearly similar oricuit- 
atiem, and is enctosc^d hetwc‘.en W'alls (ttlicu’ of dial)a.s(;, or of diorife; 
on one side and diabase on the othc;r. This vein, of whicdi the 
gangue is cliiefly siliceous, altlicmgh ealcite is also somotimc‘S 
present, was first attacked hy tlie miner in tlie year J(Sol), a.nd 
since that time has yielded fabulous amounts of silver and gold. 

The temperature of tlie watc;rs issuing from min(*s worked ujjon 
the Comstock Lode has always been bigb, but it was not until th(‘y 
bad attained a considerable depth below the surface tliat the 
workmen first became inconvenienccid by extraordinary beat. At 
tlieir present greatest deptli (above 3,000 feet) water issues from the 
rock at a temperature of 157° Fahr. (70° C.) ; and, a(.*cording to 

^ Annalrs dcs Mines, vol. iii. 18C3, p. 423. 



72 GEE DEPOSITS. [part i. 

Mr. Jolin A. Cliurch, who ]i<as published valuable observations on the 
heat of the Comstock M ines, at least 4,200,000 tons of water are 
annually pumped from the workings at a minimum temperature of 
185® Fahr.^ He also estimates that to elevate such a large volume 
of water from the mejui temperature of the atmosjdiere to that 
which it attains in the mines, would require 47,700 tons of coal. 
In addition to this, however, 7,850 tons of coal would, he calcu- 
lates, b(^ required t-o supply the heat absorbed by the air which 
])asses along the various shafts and galleries through which it is 
div(Tt(‘d for the jnirposes of ventilation. It follows, therefore, that 
to develop the total amount of heat necessary to raise the water 
<and fiir (hvailating in these mines from the mean tenq^'rature 
of the atmospluiro to that which th(‘y rc^spcjctively attain, 55,500 
tons of coal, or 07,700 cords of firewood, would be annually 
required. 

Mr. Church, in his })apcr, quotes four different analyses of 
waters from the (Jomstoc'k Lode taken at diffcTent depths. These, 
as might hav(', Ix'en anticipated, vary somewhat as to the relative 
]»roportions of the various substances pr(‘sent; but they contain on 
an average 42*02 grains of solid matter to the gallon. Of this 
aTiiount, 20*74 grains arc; sulphate of calcium, 12*18 grains carbonate 
ol* })otassium, 4*85 grains (*arbonate of sodium, and *6(5 grain of 
chloride of sodium. In ordc*r to ascertain, approximately, to what 
extent the ])roduction of the large amount of heat absorbed by the 
water may be ascribc‘d to oxidation of sul])hur and iron, Mr. CUiureh 
first calculates the cpiantity which would be developed by the 
oxidation of ])yrites ecjuivalent to the; calcic sul])hate in solution. 
Having found that this amounts to only part of that 

rc‘c|uired, he subsequcuitly seeks another sedutiou for the difficidty, 
find, without bringing forward any calculations in su])port of the 
hypothesis, fittributes this enormous devc;]o])ment of hefit to the 
kaolinization of fels])ar in the fidjfic.ent rochs. 

I'liis view, however new and ingenious, is unfortunately purely 
speculative, and in the pre^sont state of our knowledge geologists, 
gener.'illy, will regard this phenomenon as a last trace of volcanic 
fictivity. Mr. Chur(;h adduces the high temperature of the waters 
of Steamboat Springs as a proof that the rocks of this region are 
capable, by the kaolinization of felspar, of producing suflScient 
heat to raise large quantities of water to the boiling-point ; but 

' ** The Heat of tl)e Oomatoek Mines,” TrnvJi. Amer. Tnsfitnf^<>f Minlvff 
vol. vii. 1879, p. 45. “ Tlie C oinstock Lode ; Us Foinicitioii and Histoi v,” New York, 
1879. p. 189. 
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these springs give rise to an evolution of sulphuretted hydrogen, 
and, occasionally, to a deposition of sulphur, which cannot he results 
of the decomposition of felspar. It is probable that the Comstock 
Lode and the hot springs in the Steamboat Valley luive had a 
somewhat similar origin, but, in the etise of the former, volcanic 
agencies are no longer so actively in operation, while both sulphur 
and sinter, if originally present, have been removed by denudation. 
There can be no doubt that fissures and cavities have sonu‘- 
times been filled by infiltration from the enclosing rocks, as well as 
by the percolation from tlio surface. The o})eratif)u of those 
agencies is perhaps, in most instances, extremely si >w', although 
according to R. Brough Smyth, even gold, under cerbiin cimditions, 
maybe depositedin appreciable (piantities within comparatively short 
periods. This author states that, in the gold-fields of Victoria., 
pieces of highly mineralized fossil wood, taken from the dt'Ojior 
workings, as well as timber used for supporting galleries, which 
had remained in the mine for some years, have exhibited, under 
the microscope, jiarticles of gold adlnuing to and intennixed with 
crystals of iron pyritc^s, all through tlio cxmtral parts of the wood.^ 
This is confirmed by Mr. Ulri(‘h, who says that in the gold-drifts 
j)yrites is ofbm found incnisting or rejdacing roots and driftwood, 
find that samples, assayinl by Messrs. Daintroe, Latta, and New- 
berry, liave yielded amounts of gold varying from a few pemny- 
weigiits to sev(jral ounces per ton. According to Mr. H. A. 
Thompson, a spc'ciinen of pyrib‘S from the ccuitni of an old 
tree-trunk gave by assay alMAa^ 30 oz. of gold p(*r ton.*-^ 

Genk-^is of Minerjl Veins. — The origin of metfilliferous veins is 
a subject which has long occu])ied the attention of g(‘ol()gists, and 
various theories have, at different times, been fram(‘d with the 
object of explaining the causes wliich have led to tludr formation. 

Little is said upon this subject by Greek and Latin authors wlam 
referring to mines and minerals. Diodorus Sicailus, however, wlio 
lived and wrote during the first years of the Christian era, staters 
that the mountains of Sjiain are traversed by metalliferous v(nns. 

Pliny, whose death is supposed to liave taken place A.D. 79, tells 
us in the thirty-third Book of his Natural History that gold is 
found in mountainous districts, and that veins producing it travers(i 
the rocks in different directions, and often appear in the walls or 
sides of wells. He further informs us that if a lead vein he 

^ “The Gold-fields and Mineral Districts of Victoria,” Melbom-ne, 1869, p. 74. 

® Alfred R. C. Selwyn and Georce H. F. TTlrich, “Kote.s on Die FLysical 
Geogi-aphy, Geology, and Mineralogy of Victoria,’’ Melbourne, 1866, p. 66. 
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allowed to remain for some time unworked, air being at the same 
time freely admitted into the mine, a fresh growth of lead ore will 
take place and the lode will become even richer than before. 

Werner, in his New Theory of the Origin of Veins, has given 
a concise history of the older views on this subject, of which a brief 
summary may not be without interest.^ 

Georgius Agricola, whose real name was Bauer, and who was 
born in 1494 at Glauchau in the Saxon Erzgebirge, treats of the 
position and crossing of lodes in the twenty-fourth chapter of 
his Berma'nnus, and at still greater lengtli in liis great work De Re 
Metalliea (155G). In the third chapter of the third book of his work 
De Grill et Causis Sahterraneorimi (1.546), Agricola treats of the for- 
mation of veins. He supposes the fissures in which they are found 
to have been formed partly at the same time as the enclosing rocks, 
and partly afterwards by the waters which penetrated into them. 
With respect to tlie clays and stones constituting portions of met- 
alliferous veins, he C(mceives the former to have resulted from the 
abrasion of neighbouring rocks, and to have been carried into the 
vein fissures by water ; the latter he Regards as resulting from the 
clayey or earthy matters whicli have become hardened partly by 
the effects of heat and cold, and partly by a lapidific juice.’* 
Minerals and metals he regards as being deposited from solution in 
water, and he considers the then prevalent belief that lodes are of 
the same age as the globe itself “an opinion of the vulgar.” 

Rossler, who died in 1673, also regarded veins as fissures 
previously existing in the rock and subsequently filled with 
minerals.^ 

Becher (1669) ascribes the formation of metals and minerals to 
subterranean vapours penetrating the veins and producing a peculiar 
change in their earthy and stony constituents.^ 

Henckel (1725) attributes the formation of the contents of 
veins to a peculiar ('xhalation produced and engendered by a 
“ fermentation ” supposed to take place in the interior of rocks.^ 

Hoffman (1738) supposes lodes to have been formed in the 
fissures of rocks, but speaks of this as being an hypothesis only.^ 

^ A. (t. Werner, “Ncue Thoorie von der Entstehiing der Oiingo,” Freiberg, 1791. 
An Kiiglish translation of this book by Charles Anderson, M.D., was published at 
Edinburgh in 1809. 

- B. Bossier, “ Speculum metallurgiae politiasimum, oder hellpolierter Berg- 
buiispiegel,*' Dresden, 1700. 

® J. J. Becher, “ Physica Subtenanea,” Frankfurt, 1669. 

^ J. F. Henckel, “Pyritologia oder Kieshistorie,” Leipzig, 1725, An English 
translation of this work was published in London in 1757. 

5 J, G. Hoffman, “ De Matricibns Metalloruin,’’ Leipzig, 1738. 
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Zimmerman (174G) considers veins and the minerals of which 
they are composed, to have been produced by a transformation 
of the substance of the enclosing rocks ; this alteration 
being assisted by certain saline substances which prepare 
and render the earthy matters capable of being changed into 
metalliferous minerals and their accompanying veinstones.^ 

Von Oppel (1749), formerly Captain-General of the mines of 
Saxony, admits without reservation that veins were formerly fissures 
in the rock which were afterwards filled with mineral substances 
of a different nature from the surrounding rock.^ 

Lehmann (1753) is of opinion that veins are fissures which have 
been filled by nature with stones, minerals, metals, and clay, and 
that they appear to be the branches and shoots of an immense trunk 
placed at a prodigious depth in the bowels of the earth. From this 
central workshop where nature carries on the manufacture of the 
metals, the metalliferous constituents of lodes have issued in the 
form of ‘'vapours and (ixhalations.” ^ 

Delius (1770) considers vein fissiin^s to he rents, which have 
been since filled up, caused by the drying of the rocks. He is, 
moreover, of opinion that rain, having penetrated the substance of 
the country rocks, has dissolved or susptmdcHl, and afterwards carried 
into the rents, the different materials which have served as a base 
for the formation of the gangue and various associated ores.^ 

Bauiner (1 779) states that veins differ both in form and STibstancc 
from the strata in which they occur. Their formation he consideis 
to be posterior to that of the rock traversed by them, and they ap- 
pear to have been formed under the stja, as tljc;y are often covered 
by beds of schist, and marine animals are sometimes found in them 
in a fossil state.® 

Gerhard (1781) believes vein fissures to have been produced fU 
very different periods of time, and is disposed to think that “ sub- 
terraneous fermentations may have contributed to their formation. 
He supposes further that water penetrating the country rock dis- 
solves certain substances, and afterwards passing into vein fissures, 
there deposits the minerals which it previously held in solution. 
These minerals, he is of opinion, existed originally in the adjacent 
rocks, and have been carried in a state of aqueous solution into the 

^ C. F. Zimmerman, “ Ober-Saclisische Bergakademie,” Dresden, 1746. 

2 V. Oppel, “ Aiileitung zur Markscheidekimst,” Dresden, 1749. 

* J. G. Lehmann, “ Ahhandlung von den Metallrniitti rn,’^ Berlin, 1753. 

* C. T. Delius, “Ahhandlung von den UrB}>riinge der Gebirge,” Leipzig, 1770. 

® J. G. Baumer, “ Fuiidameiita Geographi® et Hydrographiie subteiraneai, 
Gotha, 1779. 
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fissures, where they are now found in the form of metalliferous 
veins. ^ 

Von Trebra (J785) does not appear to have possessed any very 
definite ideas on tlie subject of metalliferous veins, but ascribes their 
origin mainly to the action of “putrefaction and fermentation.” 
He appears to regard tlie two terms as synonymous, and subsequent- 
ly defines the latter as “ the quality which, acting by insensible 
degrees, produces the most perfect transformation in the bowels of 
the eartli.” ^ 

Lasius (17(S0) considers veins to liave been formed in rents pro- 
duced by revolutions of nature, and these he believes to have been 
afterwards filled with water containing carbonic acid, which thus 
ac(piired the pro]>eriy of dissolving various earthy and metaHic 
matters containcid in the rocks through which they percolated. 
These substances were afterwards preci];)ated by certain other bodi(\s 
ill tlie fissures in whicli they are now found. He, however, is not 
clear as to whether the metallic particles were already present in 
the substance of the rock, or were formed in them by the action of 
water upon minute “ metallic seeds.” ^ 

Werner (1701), in his work on the formation of veins, propounds 
at considerable length hivs views upon this subject, and of these the 
following may be regarded as being a brief abstract. All true veins 
were originally open rents, which were afterwards filled with 
mineral matter from above. 

Rents or fissures may have been ]>roducod by various causes. 
Mountains have be(‘n formed by a successive accumulation 
of ditferent beds upon one another; the resulting mass was at first 
wet and possessed little solidity or coherence, so that when the 
accumulation had attained a certain height it yielded to its Aveight, 
sank, and cracked. In proportion as the Avaters whidi had pre- 
viously assisted to support such an accumulation had partially retired, 
the masses, losing their previous support, yielded to the action of 
gravitation, and portions of the mountain thus became detached, 
falling to the ‘‘free side,” where the least resistance was opposed. 
The cracking of a mountain mass by desiccation, by earthquakes, 
or by other similar causes, may also have contributed to the for- 
mation of rents of this character. 

The same precipitation which in the humid way formed the 
strata and beds of the rock, also furnished the substance of mineral 


' C. A. Gerhard, ‘‘Geschichte des Mineral- Reichs,” Berlin, 1781. 

® F. W. H. V. Trebra, “ Erfahrun^fon von Tniiern der Gehir^e,” Dessau. 178,5. 
* G. 0. S. Lasius, ** Beobachtun^TU iiber die Harzgebir^e/’ Ifanover, 1780. 
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veins. Tliis took place during the period tlie solution from which 
the precipitate was deposited, covered the already existing tissures 
the upper portions of which were, as yet, open, and wholly or in 
part empty. 

The various theories which have at different times been brought 
forward to account for the formation of metalliferous veins, admit 
of being classified as follows : — 

1. Theory of Contemporaneous Formation. 

2. „ Igneous Injection. 

S. ,, Electric (hirrents. 

4. „ Aqueous Deposition from above. 

5. „ Sublimation. 

(). „ Lateral Secretion. 

7. „ Ascension. 

1. Theory of Cojifev^tora/ieons FfODiation. — This theory supposes 
that mineral veins originated (Contemporaneously with the enclosing 
rock, and they are rc‘gar(h‘d as mer(‘ accadtuital pin aiomena governed 
by no fixed laws of formation. This hy 2 >oth(\sis is at variance with 
all known facts relating to the subji'ct, and may conscMpieiitly be 
dismissed withoiii. further considc ‘ration. 

2. Theory of lyneoits Injection. — According to this theory, which 
is generally ado]>te(l with rt'gard to dykes of ign(‘ous rocks, the 
constituents of metallifinous v(uns, under tlu^ intlm'uce of intense 
heat and pressure, and when in a more or less fluid state, hav(5 becm 
ejec^ted from Ixdow into cracks and fissurc's in the supcirincnmbent 
strata. Examples of iho (xaturnuH'e of metalliferous matter disscnn- 
inated through eruptive rocks ai’e by no m(*a,ns uncommon, but this 
theory entirely fails to account for many of the common(‘st and most 
characteristic phencmuma which are observed in conmx'tion with 
mineral veins. The comby structure of l<xles, and the clianges which 
occur in their character wlnm they pass from one series of rocks 
into another, are not only quite imiapablc of explanation by this 
theory; but, moreover, had veins been generally thus formed, a 
tendency would probably have betm manifested by the heavier ores 
and metals to arrange themselves in the lowest portions of the lodes 
in which they occur. 

The veins of Lake Sup(‘rior, which annually yi(dd sucli large 
quantities of native copper, have been cited as aflbrding examples 
of veins produced by igneous ejection ; but metallic cop>per is there 
found associated with chemically pure silver, whereas, had the veins 
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been the result of igneous fusion, an alloy of the two metals would 
certainly have been formed.^ In the same region crystals of chemi- 
cally pure silver deposited on the surface of masses of native copper 
are by no means of unfrequent occurrence. In these lodes, moreover, 
native copper is found enclosed in crystals of calcite and in other 
minerals, where it must evidently have been deposited, with the 
other constituents of the crystalline mass, from aqueous solution. 

There is, however, distinct evidence that many igneous rocks 
contain, disseminated through them, minute quantities of various 
compounds of the heavy metals, and that in some cases these have 
been dissolved out and the metals again thrown down in such a way 
as to form valuable metalliferous deposits. The so-called mullock 
veins of Australia and elsewhere are examples of eruptive dykes 
which, liaving become decomposed, the originally disseminated gold 
and silver have, with quartz and other minerals, been deposited in 
the joints and fissures of the rock. 

Although unaltered dykes of this kind are not often sufficiently 
rich to be classed with metalliferous deposits, it is by no means im- 
probable that richer intrusions may exceptionally occur, and that 
some of the so-called eruptive lodes at Schemnitz and other 
localities may directly owe their origin to eruptive agencies. 

3. Theory of Electric Currents. — Mr. R. W. Fox after having 
ascertained the existence of electric currents in many of the metal- 
liferous veins of Cornwall, {suggested the probability of thivS force 
having acted on various metallic chlorides and sulpliides dissolved 
in the waters traversing vein fissures, in such a way as to deter- 
mine tlie mode of the distribution of the ores therein. Ho also 
endeavoured to account for tlie prevalence of an easterly and 
westerly direction in the principal lodes of Cornwall by their 
position in relation to the earth’s magnetism. 

Weighty objections to this theory liave, however, been pointed 
out by W. J. Henwood and others, and observed facts appear 
to indicate that the general direction of veins differs so entirely 
in different mining districts that their course probably depends 
rather on lines of fracture, produced by plutonic, volcanic, or other 
agencies, than on the action of electric currents. Professor Reich, 
who repeated the experiments of Fox, also obtained a deflection of 
the magnetic needle when he connected two portions of the same 
lode by means of conducting wires. He, however, very clearly 
explains this as the effect of the contact of various ores composing 

^ J. S. Newberry, “ The Origin and Classification of Ore Deposits,” School of 
Mtiies Quarterly, March, 1880, New York. 
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isolated bunches, separated by sterile veinstone which acts as a moist 
conductor. By connecting points free from ore, Reich was unable 
to obtain the slightest deviation of the needle, and, although the 
chemical changes which are continually taking place in exposed 
masses of ore give rise to electric currents, it by no nieatis 
follows that the original distribution of the same ore was due to 
the agency of electricity. 

4. Theory of Aqiieovs Deposition from above, — This was first 
advanced by Werner, who supposes the contents of mineral veins 
to have been deposited from metalliferous solutions which flowed 
from above into the fissures. If, however, fluids containing metal- 
liferous substances at any period actually covered the surface, 
there would appear to be no reason why they should have deposited 
their contents in fissures rather than elsewhere. Besides which, 
if the deposition of vciin matter took place in the way supposed, 
we might expect to find at least some portion of the veinstone 
stratified horizontally, which in true veins is never seen to be the 
case. Many conclusive reasons against the idtuis promulgated 
by Werner might, if necessary, be brought forward, but his views 
with regard to the origin of veins have long ceased to carry the 
weight once attached to them, and are now very generally 
abandoned. 

Mr. Wallace, in his work on The Lairs which Regulate the 
Deposition of Lead Ore in Veins^ which laws, although having 
sj)ecial reference to the Alston Moor district, are advanceil by him 
as explaining ore deposits in vciiiis generally, appears to adopt to 
some extent the views of Werner with (;ertain additions and modi- 
fications. He states tliat all the lead veins of that part of England 
are most productive where furthest removed fr<nu seats of plutonic 
action, the richest deposits being in the u])per part of the (Jar- 
boiiiferous Linujstone where no igneous rocks arc found, and that 
there is nothing hi that district to support the theory that hiad ore 
is duo either to exhalations froiii below or to matter injected in a 
fluid state among the consolidated sedimentary rocks. On the 
contrary, he thinks a more probable cause of the deposits of lead ore 
in Alston Moor may be tracked to segregations resulting from 
the decomposition of the wall rocks of the veins in which lead 
ore is found. 

In adopting the doctrine of segregation, he pro])Oses to combine 
it with another cause without which there would, he believes, be 

^ W. Wallace, “ The Laws which Regulate the Deposition of Lead Ore in Veins ; 
lllubtrated by the Mining Districts of Alston Mo r,*' London, ISdl. 
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no important deposit of minerals, namely, that of recent atmos- 
pheric agencies. Without the pas.sage of large bodies of water, 
derived from the rainfall of the district, from the surface down- 
wards, and their free circulation in the veins, he maintains that 
the conditions would not be favourable to tlie deposit of minerals. 
He states also that in all cases such deposits are found only where 
fluids percolate freely from the surface and circulate through the 
veins, and that such conditions only occur in strata situated at 
moderate depths, and at a considerable distance from the surface 
watershed. He believes these agents, combined with electrical 
a(^tion, to liave been the moans of extracting the minerals from the 
neighbouring rocks, that this operation is still in progress, and that 
the filling of vein fissures has been entirely accomplished since 
the Glacial period. 

The theory of aqueous deposition from above has still more 
recently been advocated by Professor Stewart of Nevada, but 
Mr. J. S. Newberry who has devoted a long time to the study of 
the ore deposits of the Western States of America, considers that 
this theory is not only not sustained, but, on the contrary, 
is disproved, by the statements brought forward. 

5. Theory of Siihlimation , — According to the theory of sub- 
limation, vein fissures were filled by the volatilization of metal- 
liferous minerals derived from the ignited interior of the globe. 
Durocher ^ considers the unecpial distribution of the ores in all 
lodes as strongly confirmatory of the hypothesis of their formation 
by this agency. He believes that ores can only have been so 
distributed by the action of currents of dissimilar gases or vapours 
circulating through the fissures in the veinstone. Of these he 
distinguishes two kinds, namely, metallic vapours, dnianations 
moiriceSj and vapours of sulphur and other mineralizers, which he 
designates 4nian(itions fixatriccs. These, when they circulate 
through different fissures without meeting, or through the same 
fissures at different periods, produce no result, but, when they meet 
together, give rise to various metalliferous deposits. Numerous 
experimenters have shown the possibility of producing by such 
means many of the ores which occur in metalliferous veins and 
deposits of magnetite and specular iron ore produced by the 
decomposition of chlorides of iron by watery vapour in the fissures 
of volcanic rocks, afford well-known examples of the natural 
production of minerals by reactions of this class. 

Plattner long ago observed the formation, by sublimation, of 
^ Comptes rcndtis de VAccuUmie des SrieTices, vol. xxviii. 1849, p. 607, 
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magnetite and galena in the Freiberg furnaces, and Daubr^e ^ has 
succeeded by the aid of chlorine, fluorine, &c,, in producing by 
sublimation tin oxide and oxide of titanium. Similar results 
were obtained by Diirocher, who passed metallic vapours, &c., through 
heated glass tubes, and thus caused the formation of blende, 
pyrites, galena, and other various metallic sulphides.^ Evidence in 
favour of the theory of sublimation has, by some geologists, been 
supposed to be furnished by the position of metalliferous particles 
found on the under sides of crystals lining the walls of certain 
lodes, as at Nagj^ag, in Transylvania, where metallic arsenic has 
been deposited on the lower faces only of crystals of diallogite. 

Such phenomena are, however, of comparatively rare occur- 
rence, and will in no way account for the existence of the 
earthy minerals which constitute the larger proportion of the 
Ailing of nearly all large veins. It is impossible also to account 
by this means, either for the variations which take place in the 
character of lodes on passing from one rock into another, or for 
many of the complicated j)henomena exhibited by veins at their 
intersections with one another. 

In the case of some irregular deposits where large masses have 
become impregnated by a metalliferous mineral, as especially 
exemplified in certain mercury mines, it is perhaps not improbable 
that the diffusion of the ore may have been partially effected by 
sublimation. The deposition of cinnabar, iron pyrites, and even 
gold, from the mingled steam and water of some of the geysers of 
California woxild indicate the possibility of such impregnations 
taking place, but, in the present state of our knowledge of the 
subject, it would appear improbable that the silica which usually 
forms so large a proportion of veinstones, and frequently occurs 
in combs of interlocking crystals, should have been deposited 
otherwise than from aqueous solution. It is therefore probable 
that, although sublimation may sometimes have contributed to the 
impregnation of rocks by cinnabar and other minerals, its action 
must have been of secondary importance in the formation of 
regular metalliferous veins. 

6. Theory of Lateral Secretion . — This theory teaches that watei 
percolating through the country rock has, by the aid of carbonic acid 
and other natural solvents, dissolved out of it all the materials 
now forming the constituents of mineral veins. Delius, Gerhard, 
and Lasius held that this explanation was that most in accordance 

^ Comp. rcTLd.y vol. xxix. 1849, p. 227. 

* Comp, rend.t vol. xxxii. 185i, p. 823 ; vol. xlii. 1856, p. 850. 
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with observed facts, and more recently Bischof endeavoured to 
found this hypothesis upon more scientific grounds. He, however, 
appears to have failed to seek for the constituents of the different 
ores, found in veins, in the surrounding rocks, but suggests 
the possibility of their being found there if sought for, at the 
same time remarking that the proof of this was nevertheless 
wanting. 

About the year 1873, Professor Sandbergcr, of the University 
of Wurzburg, began to direct his attention to a chemical examina- 
tion of the relations existing between the niineralogical contents 
of mineral veins and the nature of the rocks which they traverse. 
Although some of the more common heavy metals had previously 
been discovered in various crystalline and other rocks, this 
was the first systematic attempt to study the effects produced 
upon veins by tlie country rock through which they pass. For 
the purpose of this investigation the north-eastern portion of 
the Black Forest in the neighbourhood of Schapbach, Wittichen- 
Reinerzau, and Wolfach, was selected, this being a district with 
which the Professor had been long and intimately acquainted. 
Tiie lodes in this region, although situated at short distances 
only from one another, exhibit very remarkable differences, which 
are most strongly marked on their passing from one descrij)tion 
of rock into another; the same change, although in a less 
degree, however, is also noticeable on the passage of a lode 
from one variety of gneiss into another somewhat differing from 
it in character. 

Quantitative analyses were carefully made of ores, vein- 
stones, and country rocks, the latter being subjected to general 
analysis. These investigations resulted in the derivation of the 
veinstones from the country rock being clearly established, but 
the origin of the associated metalliferous minerals still remained 
without explanation. As, however, it became more and more 
evident that substances so constantly associated as ores and 
veinstones must have had a common origin, a new method of 
investigation was finally adopted. Instead of operating upon a 
large quantity of rock, and making a general analysis of it, as 
had been done by Forchhammer, the crystallized constituent 
silicates, such as olivine, augite, hornblende, and mica, were 
carefully isolated and subjected to analysis, the quantity treated 
in each case being not less than ten grammes. In this way, 
with the exception of tellurium, gold, and mercury, which from 
want of the necessary appliances were not sought for, all the 
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elements usually occurring in metalliferous veins were found in 
appreciable quantities. 

The cause of the diflferences which occur in the contents of 
veins, which although near one another traverse different rocks, 
was also explained to the satisfaction of the investigator, who 
subsequently satisfied himself that the heavy metals occur in the 
silicates of crystalline rocks of every geological age.^ 

Sandberger has since extended his investigations over very 
considerable areas, and has tlnis been enabled to arrive at certain 
general and very important conclusions. In the case of olivine, 
augite, hornblende, or mica, from ten to twenty grammes will 
be found a sufficient amount for quantitative analysis. In olivine, 
iron, nickel, copper, and cobalt were constantly re(.*ognized, but 
the latter metal in very small quantities. The same may 
be said with regard to augites, especially those of the gabbros, 
diabases, melaphyres, augite-porphyries, augite-andesites, and 
basalts. Copper, cobalt, and iron occur in the augite of these 
rocks in notable quantities, and nickel, lead, tin, and zinc are also 
frequently present. Antimony and arsenic have hitherto been 
detected in certain localities only, but when present tlujsc; metals 
are generally found in considerable quantity, as, for example, in 
the diabases of St. Andreasberg in the Harz, in which antimony is 
associated with lead. Hornblende from the older hornblendic rocks 
constantly contains copper, arsenic, and cobalt, and along with 
these very distinct indications of nickel. Hornblende from the 
more recent rocks contains the same metals, but in addition to 
them lead, antimony, and tin, with occasionally zinc and bismuth. 

The largest number of hitherto undetected heavy metals is, 
however, found in micas, tlie researches on this group having been 
carried so far that they may now, to some extent, be classified 
in accordance with the preponderance of certain metallic elements. 
All lithia micas, even when derived from the most varied localities 
both in Europe and America, are stanniferous, and they usually 
also contain arsenic, copper, bismuth, and sometimes uranium. 
True muscovites are the micas poorest in heavy metals, although 
copper is seldom entirely absent. The bhick micas from the older 
gneiss of the Erzgebirge, contain arsenic, lead, zinc, and a little 
copper, and the same applies to those of the southern Black Forest, 
while the black mica from the Spessart contains copper, cobalt, 
nickel, and bismuth. Arsenic, lead, and zinc are found in the dark 

’ Fridoliii Santlhergor, Uiitersuchiingfiii iiber Pnrt I. 
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mica from the propylite of Schemnitz, and in the rubellan of 
Polma, near the boundary of Saxony and Bohemia. 

Attention is called by Sandberger to the fact that both baryta 
and lime are present in various felspars as well as in the minerals 
with which they are associated, and that fluorine occurs in many 
micas. The decomposition of such minerals will therefore yield the 
materials for the formation of many varieties of veinstone, while 
the liberated silica will be deposited in the form of quartz. 

Organic matter is sometimes present in considerable quantities 
in metalliferous veins, not only in the form of carbonic acid, but 
also as graphite and anthracite, as at Schneeberg and elsewhere. 
It also occurs as the colouring matter of fluor spar and of smoky 
quartz. This, it is argued by the supporters of the theory of 
lateral secretion, will be found whenever the amount originally 
present has been more than sufficient to transform the metallic 
sulphates into sulphides, &;c. 

Lodes however occur not only in crystalline rocks, but also in 
semi-crystalline strata, &c., and according to this theory the ores 
of such veins may be derived from tliree sources, namely, from the 
incompletely decomposed remains of metalliferous silicates derived 
from the original crystalline rocks, from solution-products of older 
veins, and, finally, under special circumstances, from traces of the 
metals which are contained in sea water. The last source will 
probably have directly supplied only a limited number of deposits. 

It has however been shown that the fresh mother-liquors from 
the salterns of the Mediterranean contain sufficient copper to be 
recognizable in 5 cc, of the liquid, at which rate one cubic metre 
of the water of that sea will contain at least 0 01 grm. of copper. 
The black and usually very sulphurous matter deposited in basins 
where sea water has been left to itself, constantly contains copper, 
and the same is generally true with regard to the dark-coloured 
gypseous muds of all ages. The copper schists of Mansfeld contain 
organic matter in considerable quantity, together with copper, and 
ammoniacal salts equivalent to 0’000816 grm. of ammonia per 
kilogr. of rock, easily recognizable in a few grms. Lithia is also 
present in sufficient amount to produce a very brilliant spectral 
line. These associations are exactly similar to those which occur 
in modern estuarine muds.^ 

According to recent analyses, the phyllites of the Erzgebirge 
and Fichtelgebirge are by no means rich in the heavy metals, but 
if a sufficient amount of the rock be operated upon their presence 
^ L. Dieulafait, Revm univcrselle des Mine», vol. vii. 1880, p. 425. 
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can always be detected. The dark-grey phyllite of Schneeberg 
contains arsenic, cobalt, and nickel ; while the Cambrian schists of 
Goldkronacli afford arsenic, antimony, and lead. The sericite 
schists of the Taunus yield from ‘05 to ‘06 per cent of cupric oxide. 

Stratified rocks of purely neptunian origin, with the exception 
of limestones, consist chiefly of the debris, in a more or less 
finely-divided state, of older crystalline rocks. It is not to be 
expected that they will not have lost a portion of tlie heavy metals 
originally contained in the rocks from which they were derived, 
but some one or more of them may nevertheless be almost always 
detected. H. Frick ^ first detected the presence of oxide of copper 
in clay slates ; and by operating upon 1 lb. of roofing slate from 
Bangor, North Wales, Forchhammcr^ obtained a large quantity 
of lead, in addition to copper and zinc. 

Bischof, many years since, expressed the opinion that if properly 
looked after copper would be found in all clay slates, and subsequent 
investigation appears to go far in support of this view.'^ Sandberger 
discovered copper, zinc, lead, arsenic, antimony, tin, cobalt, and 
nickel in clay slates from the neighbourhood of Holzappel, as well 
as in those from Ems, and from Schulcnberg, near Cfiausthal. 
Titanic and phosphoric acids also appear to bo everywhere present 
in small quantities. Many rocks of New Red Sandstone age contain 
lead and copper. Lead, copper, arsenic, and cobalt occur, in Germany, 
in the clay slates of the lower Keuper. The bituminous, marly 
slates of Raibl, in Carinthia, are rich dn lead and zinc ; but these 
metals are only obtained after fusion with an alkali, showing that 
they are present in the form of silicates only. 

These investigations which have resulted in demonstrating the 
almost universal presence of heavy metals in rocks belonging to every 
geological period, tend greatly to enlarge our views on the subject of 
metalliferous deposits. There can bo no longer any doubt that the 
filling of veins has often been derived, in a state of chemical solution, 
from the surrounding country rock, and the theory of lateral 
secretion appears to explain more satisfactorily than any other, 
certain phenomena not otherwise easily understood. It, moreover, 
not only accounts in a satisfactory way for the changes which take 
place in metalliferous veins when passing from one formation into 
another, but it also affords a reasonable explanation for the fact 
that shoots of ore usually follow the dip of the enclosing rocks. 

^ JPoggend, Annal.^ vol. xxxv., 1885, p. 193. ® lUd., vol. xcv. 1855, p. 70. 

* G. Bischof, “ Lehrbuch der chemischen und physikalischen Geologic,” 1847, 
rol. ii. p. 1900. English Translation, vol. iii. 1869, p. 122. 
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It has been suggested by various geologists that certain strata, 
instead of being richer than others in metals, may possess a com- 
position enabling them to act more efficiently in decomposing 
metalliferous solutions derived from other sources, and in depositing 
their contents in the form of ores. This reaction may perhaps 
sometimes influence the ore-bearing portions of a lode, but its 
importance may be regarded as secondary to the influence of the 
metalliferous contents of the rocks themselves. 

Among the objections which have at various times been ad- 
vanced against this theory may be mentioned the facts that 
different sets of fissures traversing the same formations often 
contain very different ores, and that when rocks of totally different 
character are brought by faulting to form opposite walls of a 
fissure, the ore may be, nevertheless, symmetrically deposited in 
corresponding layers. It may likewise be remarked that the same 
fissure frequently traverses several formations, and the character of 
tlie vein may throughout be essentially the same. It cannot however 
be doubted that the formation of lodes has been a long and com- 
plicated process, all the phenomena connected with which are not 
capable of explanation by any one cause. If the term lateral secretion 
be employed in a somewhat extended sense, and it be understood 
to imply that the solution, after becoming impregnated by the 
rocks, had free movement in the fissure, so that each molecule was 
not deposited where it issued in solution from the country, this 
theory passes directly into that of the ascension of aqueous solutions. 

7. Theory of Ascension . — This theory supposes lodes to have 
been formed in part only of minerals dissolved out of rocks in the 
immediate horizon of their several deposits in vein fissures, and that 
the chief portion of the material has been deprived from greater 
depths by solvents circulating through the fissures. According to 
some who have advocated this theory, sublimation, either with or 
without steam, has also assisted in the formation of metalliferous 
veins. The increased heat and pressure, due to great depth, will thus 
greatly facilitate the solution of the different vein-forming sub- 
stances ; and minerals may be deposited in all parts of the fissure 
of which the constituents do not exist in the rocks in its immediate 
vicinity. These solutions will, under a pressure due to the 
height of the column, penetrate more or less deeply into the 
surrounding rocks, and may, under certain circumstances, give rise 
to their impregnation by metalliferous minerals. By the same 
agency the adjacent rocks are sometimes softened and decomposed 
to a considerable distance from the lode ; or the country rock may, 
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on the contrary, give rise to the formation of capels through 
becoming hardened by silicification. Waters, possessing solvent 
powers vastly increased by high temperature and great pressure, 
percolating through rocks containing the heavy metals will 
gradually remove them, by lixiviation, together with other mineral 
substances, and these will again be deposited upon the sides of 
the fissure in proportion as the solvent power of the menstruum 
becomes lessened by diminishing temperature and pressure. On 
the other hand, it is probable that minerals diflfused in rocks 
comparatively near the surface may have been removed by solutions 
which, penetrating into vein fissures, have mingled with the waters 
circulating through them. With regard to the precise chemical 
reactions which take place in the deposition of ores in mineral 
veins we have yet much to learn, but there can be no doubt that 
deposits somewhat akin to those of true veins are at the presc*nt 
time being formed by tijc action of certain thermal springs. 

In a paper before referred to Newberry strongly advocates 
the theory of aqueous ascension, and appears to believe that no 
other is capable of explaining all the various phenomena connected 
with the formation of lodes. After briefly adverting to otlier 
theories he remarks : — “ But argunient is really wasted in a dis- 
cussion of the filling of fissure veins, since we have examples that 
seem to settle the question in favour of chemical precipitation 
from ascending hot water and steam. In the Steamboat Springs 
of Western Nevada, for example, we in fact catcli minend veins 
in the process of formation. These springs issue from extensive 
fissures which have been or are being filled with siliceous 
veinstone, that carries, according to M. Laur, oxide ol iron, 
oxide of manganese, sulphide of iron, sulphide of copper, and 
metallic gold, and exhibits the banded stnicture so frequently 
observed in mineral veins.” 

To this theory Sandberger objects, on the ground that none 
of the numerous mineral springs which he has examined, namely, 
those of Petersthal, Rippoldsau, Baden, Badenweiler, the Maxquelle 
of Kissingen, and others, deposit any mineral incrustation on 
the walls of their channels of exit, although they subsequently, 
upon exposure to the air, give rise to muddy deposits containing 
various heavy metals. The Sulphur Springs in Colusa County, 
California, and Steamboat Springs in Western Nevada, he regards 
as exceptional phenomena only to be compared with the unimportant 
metalliferous deposits produced by solfataras or fumaroles, or which 
issue from fissures in heated lava. He further remarks that with 
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the exception of California no country, either in the new or old 
world, possesses ore deposits containing such masses of free sulphur. 
According to the same author the various metallic sulphides which 
so constantly occur in lodes are the results of the reduction of 
sulphates by the action of organic matter. 

It may, however, be stated, on the other side, that the rule 
relative to the non-deposit of minerals in channels giving issue 
to hot waters is not without remarkable exceptions, since at 
Steamboat Springs an adit was driven in such a way as to intersect, 
at a considerable depth from the surface, a fissure which once formed 
a vent for mineral waters. At that depth the banded structure was 
not only continued, but the veinstone, which consisted chiefly of 
quartz, contained a notable proportion of cinnabar. 

Sulphur is by no means abundant in the deposits of Steamboat 
Springs, and is for long distances entirely absent. Native sulphur, 
however, occurs in the mineral veins of America, Australia, and 
some other countries. It has been found in the gold mines of 
Virginia and North Carolina., as well as in antimony reefs at 
Costerfield in Victoria, and in veins at Maldon, St. Arnaud, and 
Castlemaine in the same colony. 

Sulphur is also of not unfrequent occurrence in the auriferous 
quartz reefs of Southern India, where, in the form of transparent 
crystals, it covers the surfaces of small druses in the veinstone. 
Specimens kindly forwarded to me by Mr. H. A. Severn from the 
Wynaad were in the form of octahedra, and had been deposited 
upon an extremely thin coating of ferric oxide lining a cavity, the 
length of the greater diameter of which was about one inch. 
It is evident that the presence of sulphuretted hydrogen may 
sometimes account for the formation of certain metallic sulphides, 
without the intervention of organic matter. 

Concluding Observations , — It appears to be now well established 
that the heavy metals occurring in metalliferous veins in the 
form of ores are, in the state of silicates or of other mineralized 
combinations, present in greater or less proportions in rocks of 
almost every age, and that these are capable of supplying all the 
chemical constituents of the different ores and veinstones of the 
lodes passing through them. 

That the minerals thus disseminated throughout the rocks 
have been originally the source of the metalliferous accumulations 
which have taken place in veins admits of little doubt, but we have 
still much to learn with regard to the processes by which ores of 
the different metals have become concentrated in fissures. In the 
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majority of cases this must have been effected by chemical solution 
and subsequent deposition, as indicated by the comby structure of 
many lodes, as well as by the occurrence, one upon another, of such 
minerals as quartz, calcite, and ores of iron. 

It is possible that, in some cases, waters to some extent charged 
with heavy metals may have flowed from above into fissures where 
a portion of them may have become deposited in the form of ores, 
as suggested by Mr. Wallace, but it does not appear probable that 
the flow of surfiice waters into vein fissures can, generally speakings 
have materially contributed to the richness of mineral veins. 

There is reason to believe that lodes may have often been 
produced by lateral secretion at ordinary temperatui’es, and that 
the ores and other minerals constituting veins may have been 
deposited in approximate vicinity to the points at which the solutions 
entered the fissure. As, however, the fissures of true veins are 
supposed to extend far into the earth, we are justified in believing 
that the solvent powers of the menstJTia, acting upon minerals 
disseminated through the strata, will be increased by a high 
temperature and the pressure incident to great depth. These 
heated waters, obeying known laws, will have a tendency to 
ascend, and in doing so will gradually lose their power of 
holding minerals in solution, and a deposit on the surfaces of the 
fissures will be the result. Metalliferous veins are of more frequent 
occurrence in the neighbourhood of eruptive rocks than in other 
situations, and it is probable that these mjiy have not only been 
instrumental in producing fissurt^s, but i»iay also have contributed 
to supply heat to the waters circulating through IIkuii. 

Metallic minerals, especially specular imn ores, are sometimes 
deposited by sublimation in the crevices of cooling lavas, and 
it is probable that in certain solfataras, like that near Borax Lake, in 
California, the concentration of a portion of the cinnabar and other 
substances present may be partially due to this agency. Many 
bodies which are not easily volatilized are readily carried along by 
a current of steam or aqueous vapour. There is, apparently, no reason 
for believing that sublimation has usually acted an important part 
in the formation of true veins, notwithstanding the fact that free 
sulphur sometimes occurs in metalliferous veins. 

h . Segregated Veins. — Metalliferous deposits belonging to 
this class differ from true veins inasmuch as they are con- 
formable with the bedding or foliation of the country rock, 
whereas true veins traverse all formations independently of 
stratification and foliation. As in the case of ordinary lodes the 
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gangue of segregated or bedded veins differs entirely from the sur- 
rounding rock, the veinstone, which frequently consists of quartz, 
being often crystalline and exhibiting a distinctly banded structure. 
Besides extending uninterruptedly for considerable distances, 
deposits of this class sometimes form lenticular masses of limited 
extent ; these are, however, often followed by others of a similar 
description forming a scries resembling a more or less interrupted 
lode. The quartz veins so numerous in Canada, New England, and 
in the Alleghany Mountains are* generally examples of deposits 
of this class, as are, for the most part, the auriferous veins of Cali- 
fornia. Fig. 34 represents an ideal section of this form of deposit. 
The ore-bearing mass does not always crop out at the surface, 
although it frequently does so ; a is a vein which makes its 
appearance at the surface, b does not reach so far ; while c is a 
lenticular bunch extending but a short distance either upwards or 



downwards. One of the most important constituents of segregated 
veins is gold, with which either pyrites, blende, galena, or 
chalcopyrite is almost always, to some extent, associated. In 
common with true veins, segregated veins frequently exhibit 
evidence of repeated openings of the fissure, and of fresh 
depositions of mineral. It was formerly believed that veins of 
this description are less persistent than true lodes, that they are 
richer nearer tlie surface than elsewhere, and that they frequently 
terminate by pinching out both in depth and in horizontal extension. 
Recent mining operations have, however, materially modified the 
received views respecting the value and persistency of the so- 
called segregated veins. Many of them are of great thickness 
and extent, and after having been worked to very considerable 
depths, have been there found as productive as they were nearer the 
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surface. The character of the veinstone of such deposits frequently 
appears to in no way vary from that of true fissure veins, from 
which they often differ in no respect except that their course is 
parallel to that of the strata between which they lie. It therefore 
becomes a question whether segregated deposits and true veins have 





Fra. 35. — Lenticular segrcgatious ; plan. 


not often a common origin, and whether in thus naming them 
differently we are not sometimes making a distinction where no 
difference, beyond the parallelism or non-iiarallelism of the deposit 
with the enclosing strata, exists. 

Deposits of auriferous quartz, cupriferous iron pyrites nnd some 
other minerals, occasionally assume the form of a scuies of lenticular 



Fig. 36.— Lenticular scgi-cgations ; acetion un < 


masses, which lying between the foliations of the strata, follow one 
another both in length and depth in such a way as to constitute 
an interrupted vein. Fig. 35 represents in plan, and Fig, 36 in 
section on the line a deposit of this kind, in which a indi- 
cates masses of either veinstone or ore. Such lenticular masses. 
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which are often approximately continuous and lie at low 
angles, are described as beds, Lager, by v. Groddeck. They, 
however, occasionally enclose fragments of the country rock both 
from the foot and hanging walls, and, in such cases, cannot be 
regarded as contemporaneous with the enclosing strata, but are 
evidently of subsequent formation. Certain deposits, however, 
somewhat similar in character have probably had a different origin, 
and may be regarded as beds formed prior to the deposition of the 
overlying rock. 

Segregations of ore sometimes take place at the intersections of 
the main joints of certain rocks. Fig. S7 represents, in plan, an 
example of tliis kind of formation described by W. J. Henwood as 
occurring at Dlmnpoore Mine, North-western India, where patches 



of chalcopyrite and erubcscite a occur at the intersections of a series 
of joints h and c which traverse nearly at right angles a somewhat 
calcareous clay slate. All ore deposits are subject to dislocations, 
and those affecting formations belonging to this class are often 
very similar to those experienced by true veins. 

c. Gash Veins.— Gash veins are metalliferous deposits which 
occur in limestone rocks only, and being confined to a single stratum 
or formation are necessarily limited in extent. The most typical 
examples of gash veins are probably those furnished by the lead 
deposits of the Mississippi Valley, in North America. These occur 
at three different horizons, of which the Galena Limestone, belong- 
ing to the Trenton Group, is the most productive. The origin of 
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the cavities in which deposits belonging to this class have been 
formed, appears to be capable of a simple explanation. They are 
generally the bedding planes or joints of a limestone rock which 
have become channels through which surface w^aters charged with 
carbonic acid have flowed into a system of subterranean drainage. 
These joints are, generally speaking, aj^proximately at right angles 
to one another, and while some are vertical, others are horizontal. 
In the formation of gash veins one or both members of a set of 
crossed vertical joints become enlarged into lenticular cavities or 
gashes ; but it not unfrequently happens that the action of water 
containing carbonic acid not only results in the formation of 
vertical or horizontal galleries of moderate dimensions, but also of 
irregular pockets, some of which may occasionally be of consider- 
able extent. These cavities have subsequently become filled with 
calcite, or sulphides of lead, zinc, and iron, originally disseminated 
through the surrounding or overlying country, but which were after- 
wards leached out and deposited in the enlarged lines of jointing of 
the rock. In some instances those cavities have become further 
enlarged subsequent to the formation of a deposit of ore in them ; 
and in such cases the ore may cither form a central pillar, a sort of 
curtain depending from the roof, or be found as a mass of fragments 
mingled with sand and clay lying at the bottom of the cavity. The 
Carboniferous Limestone of South-western Missouri contains layers 
of chert which, not being soluble in carbonic acid, sometimes forms, 
where the limestone beneath it has been removed by the action of 
acidulous waters, either a ceiling to a cavity or a sort of diaphragm 
across it. These frequently break down with their own weight ; and^ 
falling to the bottom, the fragments become cemented together 
with the ore, which thus acquires a peculiar and brecciated character. 

Fig. 38 represents an ideal section of one of the usual modes of 
occurrence of gash veins in the Mississippi Valley. 

The stratum h lying between a and c entirely cuts off the veins, 
the fissures not having penetrated into that bed. Should however 
the bed c resemble in its characteristics that which is marked a, 
similar fissures may be again found in it below h. In that case they 
will not however be continuations of the fissures found in a, but will, 
on the contrary, be a new set, originating and entirely comprised 
within the bed c. In connection with the main fissures, which may 
or may not be nearly vertical, lateral branches will usually be found 
in the same rocks, possessing similar characters with regard to 
their metalliferous contents. 

In connection with ordinary gash veins there are usually 
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deposits of lead ore iu flats or sheets, Tliis ore is sometimes 
accompanied by veinstone, and is unmixed with clay. The sheets 
vary much in their dimensions, but are generally elongated 
in one direction, and thin out gradually from the centre. 
Several such sheets are sometimes connected by vertical or oblique 
fissures containing ore, as represented in Fig. 30, descending by 



Fio. G.-isli veins ; after Whitney. 


zigzags from one stratum to another. The principal veinstone 
associated with galena is calcito, with occasionally a little heavy 
spar. Sheets of these minerals alternate with others of calamine, 
blende, and iron pyrites. In some places the latter minerals are 
more abundant than galena itself, and calamine not unfretjuently 
becomes the predominating mineral. Casts of fossils are sometimes 
fouinl in the galena from the dejwsits of the Mississippi Valley. 



The 27ipe veins of the north of England very closely resemble 
giish veins, and were probably formed in the same way, as were 
also many of the haematite deposits in the Carboniferous Limestone. 

d. Impregnations. — Impregnations differ from other metal- 
liferous deposits in not possessing any sharply defined outlines, 
and they consequently merge gradually into the enclosing rock. 
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Although met with in formations of almost every age, they occur 
most frequently in igneous and other crystalline rocks. In many 
instances the rock forming the matrix retains its general cha- 
racteristic structure, the ore being disseminated through it in 
a more or less finely divided state. In other cases the rock 
becomes, to some extent, decomposed, a portion of its constituent 
minerals being converted into various products of alteration. 

Deposits of this class may occur eitlier independently and 
alone, or associated with others of a more definite character. 
Those which are apparently independoiit, and without any con- 
nection with other metalliferous deposits, extend for varying dis- 
tances into the surrounding rocks, which within certain limits are 
impregnated with ore. Impregnations whicli, on the contrary, are 
directly in connection with other metallic deposits may either 
form portions of the wall rock of a vein, or be distributed along 
lines of fissure in communication witli a lode. The ores 
constituting impregnations may be distributed throiigli the rock 
in various forms. They may be present either as crystals or as 
disseminated crystalline patches, or the ])a,rticles may be so fiiudy 
divided as to be invisible without the aid of* a powerful lens. In 
other cases the ores may assume the form of minute sjdierical 
aggregations, as in the Bunter Sandstone at Commern, in lllienish 
Prussia. It not unfiecpiently hap])ens also that rocks are stained 
by oxide of iron or by various copper compounds to considerable 
distances from large deposits of the ores of these metals ; but in the 
majority of cases impregnations of this kind possess no commercial 
value. Impregnations of cassitcrite occur in the mines of Saxony 
and Bohemia, as well as in Cornwall where, under the name of 
carbonas, they sometimes form valuable de])f»sits. According to 
W. J. Henwood,^ at the St. Ives Consolidated Mines a carbona 
joins the Standard lode at a depth of 78 fathoms, and at its point 
of junction therewith the connecting surface is not above four or 
five inches square. From that point it has been worked for a 
distance of 120 fathoms in length, with a constant inclination 
downward, until it reaches a depth of nearly 100 fathoms. Its 
greatest vertical extent is nearly ten fathoms, and its extreme 
width about the same; but the average dimensions may be 
taken at four fathoms high by ten or twelve feet in width. It 
exhibits few of the usual characteristics of a lode, being bounded 
above, below, and on either side, by ordinary granite. The deposit 
itself is chiefly composed of felspar, quartz, schorl, and oxide of 
^ Trails, Roy. OeoL Roc. of Cormvall^ vol. v. 18 p. 21. 
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tin, very irregularly distributed throughout the mass. In some 
places it contains in addition fluor spar, which is not present in 
the adjoining lode, chlorite, chalcopyrite, erubescite, and iron 
pyrites. Throughout this mass there is a gradual transition from 


the composition of granite to that of the carbona. 

An impregnation of granite by 



tinstone which occurs at East Huel 
Lovell, in the parish of Wendron, 
Cornwall, has been very clearly de- 
scribed by C. Le Neve Foster.^ Fig. 
40 represents a liorizontal section of 
this deposit as seen at the 100- 
fathom level, in which a 6 is the 
leader or divider, a small vein com- 
posed of quartz and ferruginous clay 
varying from i to ^ inch in thickness. 
The dotted portion is the tin-stuff, 
outside which is the ordinary granite 
of the district. This granite is well 
marked and encloses large crystals 
of orthoclase; while the stanniferous 
portion consists of a mixture of quartz, 
mica, gilbertite, and cassiterite, with a 
little fluor spar, iron pyrites, copper 
pyrites, erubescite, copper glance, and 
chalybite. Gilbertite, a crystalline 
alteration-product of felspar, is fre- 
quently abundant. There is no wall 
or selvage between the tin-bearing 
mass and the surrounding granite, 
the t\vo gradually merging into one 
another ; and, following the leader along 
its strike, the tin-bearing rock 
decreases in width until at last both 


walls of the vein are composed entirely 
of granite. The shoot of tin at the 
100-fathom level was about seven fathoms in length, the richest 
part having a length of three fathoms and a width of nearly nine 
feet. In some cases the oxide of tin lay entirely on one wall, 


as shown in Fig. 41, but the prevailing characteristics, namely, 
the leader of quartz, the absence of any Avail between the tin 


' Trans, JRoy. Geo. Soc. of Gomwall, vol. ix. 1876, p, 167. 
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and the granite, and the general composition of the tin ground, 
always remained the same. The main shoot of tin ore at East 
Huel Lovell has been followed from the 40-fathom level down 
to the 110 as one continuous pipe, and is in the shape of a long 
irregular cylindroid with an elliptic base generally about fourteen 
feet long by seven wide. 

M. Daubree, some forty years ago, first called attention to the 
fact that, with the exception of quartz, the minerals most constantly 
associated with tin ore are compounds containing fluorine, princi- 
pally fluosilicates, such as lepidolite and topaz; sometimes also 
fluophosphates and fluorides, the latter being present chiefly fis 
fluor spar.^ 

Boron is a constituent of the minerals tourmaline and axinite, 
both of which arc frequently present in tin deposits; while the other 


a 



Fia. 41,— Impregnation of tin ore at East Unci Lovoll. 


most commonly associated elements are tungsten, molybdenum, 
phosphorus, arsenic, and iron. He arrives therefore at the 
conclusion that tin ore, fluorine compounds, and borosilicates owe 
their origin to the same set of reactions, and supposes that the 
tin, tungsten, molybdenum, boron, phosphorus, and a portion of 
the silicon came up through fissures from some deep-seated 
source as fluorides. Finally, he suggests that the present 
condition of Stockworhs which consist of quartz, tin ore, silicates, 
fluosilicates, and borosilicates, resulted from the action of these 
fluorides, probably in the presence of water, on the enclosing 
rocks, 

^ “*M4moire sur le gisement, la constitution, et I’origine des amas de minerai 
d’etain,” Annales des MineSf vol. xx. 1841, i>. 66; *‘^Jtudes Synthetiques de 
Geologic Experimentale,” Paris, 1879, p. 29. 
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In a subsequent memoir Daubr^e gives the results of 
numerous experiments, which he made with a view to imitating 
tbe processes by which nature may have acted in forming such 
minerals.^ Instead of employing fluorides, which are not so 
readily made or so easily managed, chlorides were generally used, 
since, from the great analogy which exists between fluorides and 
chlorides, it was considered that any results obtained with the 
latter might safely be supposed to occur with the former. 

The first experiment consisted in passing a current of stannic 
chloride together with a current of steam through a red-hot 
porcelain tube. In this way double decomposition was effected 
and crystals of stannic oxide were deposited on the interior of the 
tube. The crystals of oxide of tin thus obtained are sometimes 
colourless and transparent, and at others exhibit tints of brown 
or green, the different coloured specimens being all associated 
in the same groups. Their specific gravity is 6*72; they readily 
scratch glass ; and when mixed with carbonate of sodium they 
yield a globule of tin before the blowpipe. Although exceedingly 
minute, the crystals so obtained exhibit well-defined faces and 
angles, but they are so entangled with one another that it is 
difficult to determine their form. The temperature of the portion 
of the tube on which the crystals of oxide of tin were deposited 
did not exceed 300° C., being rather below the melting point of 
lead. Titanic chloride treated in the same way yielded crystals 
of brookite, while a deposit of vitreous and, in part, crystallized 
quartz was obtained from chloride of silicon and steam. In 1851 
Daubr(5e obtained well crystallized apatite by passing perchloride 
of phosphorus over lime at a dull red heat, and a mineral 
analogous to topaz was produced by the action of a current of 
fluoride of silicon on alumina at a white heat. 2 

The circumstance before referred to (p. 12) of deers’ antlers 
more or less completely replaced by crystallized oxide of tin 
having been found in various Cornish Streamworks, affords, however, 
sufficient evidence that this mineral has sometimes been de- 
posited at ordinary temperatures. In the case in question it 
would appear not improbable that the production of alkaline 


* ** Eecherches sur la production artificielle de quelques especes minerales cristal- 
lines, particulikement de I’oxyde detain, de I’oxyde de titane, et du quartz. 
Observations sur rori^^ine des filons titaniferes des Alpes,” Annales des Mims, 
vol. xvi, 1849, p. 129. “Geologie Experimentale,” p. 87. 

* “ Experiences sur la production artificielle de Tapatite, de la topaze, et des 
Quelques autres mineraux fluoriferes,’* Annales des Mines, vol. xix. 1851, p. 684. 
“Geologie Exp^rimentale,” p. 48. 
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carbonates through the decomposition of felspars, may have been 
an important factor in the solution and subsequent deposition of 
oxide of tin. 

e , Stockwoiiks, — Closely allied to the last mentioned mode of 
occurrence is the form of deposit known in Germany as Siockiverh, 
a term which is now generally adopted both in France and in this 
country. A stockwork consists of a network of small veins 
interlacing one another and traversing the rock in various 
directions ; the whole of the ore present is not, however, confined 
to the veins, a considerable portion of it, on the contrary, being 
contained in the rock itself. A stockwork differs from an ordinary 
impregnation in not having necessarily any connection with a 
vein fissure, and in being usually traversed by numerous thread- 
like veins generally containing oxide of tin. When a rock is 
traversed irregularly in all directions by a network of veins, the 
deposit is sometimes in this country called ix floor, and in Germany 
a Trumcrstoclc. Examples of this kind of formation occur at the 
Carclaze, Beam, and Bunny Mines in the neighbourhood of St. 
Austell, and at various other places in Cornwall ; as well as at 
Altenberg, Geyer, and Zinnw^ald in Saxony. 

At Carclaze the veins traversing the granite are generally small 
and var}^ considerably in composition; somctinies they consist of 
schorl and quartz, at others of schorl and felspar, frequently of 
schorl alone, and occasionally portions of them are composed of 
felspar only. They are usually however a mixture of the three 
minerals, and generally contain a certain proportion of tinstone. 
As in the case of other similar deposits, the ore is seldoiri 
confined to the veins alone but is generally dispersed throughout 
the mass of the contiguous rock, into which, although the line 
of separation is often distinguishable, the veins frequently pass by 
imperceptible gradations. 

On the whole the veins preserve a certain amount of parallelism ; 
but there are exceptions to this, and in such cases they fre- 
quently exhibit the ordinary phenomena of heaves and slides ; and 
when such veins unite they are often enlarged and become propor- 
tionately more productive. They are, however, generally so small 
and numerous and at the same time intimately mixed up with the 
rock-mass, that the mine has been for the most part worked open 
to the day, forming an excavation 250 fathoms in length, 100 
fathoms in width, and about 22 fathoms in depth. These workings 
were formerly carried on upon an extensive scale, but of late years 
Carclaze has been worked chiefly for china clay, although a small 

H 2 
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quantity of tin ore is still collected during the operations. Beam 
is situated about two miles north of Carclaze, and was originally 
quarried, but was subsequently worked in the usual way by mining ; 
Bunny resembles Beam in its usual characteristics, but is upon a 
considerably smaller scale. 

At Altenberg, in Saxony, the stanniferous rock, which is 
generally a porphyry of a greyish colour sometimes merging into 
greisen, a rock consisting of quartz and mica, forms a mass 
1,400 feet in length, and 900 feet in width, surrounded by 
granite and different varieties of porphyry. This mass contains 
tin ore throughout its whole extent, but in such small quantities 
as to be almost imperceptible to the eye. It has a dark, often 
almost black colour, and consists of quartz, felspar, mica, specular 
iron ore, tin ore, and probably a little wolfram. Pyrites is sparingly 
disseminated throughout the rock, but the quartz, which occurs 
in a granular form without any apparent crystalline structure, 
is often the only mineral which can be distinctly recognised. 
Numerous veins of quartz traverse this fine-grained metalli- 
ferous rock in all directions, in which molybdenite, bismuthine, 
copper pyrites, fluor spar, topaz, prehnite, and nacrite, some- 
times occur. The rock differs from ordinary gnusen in that its 
texture is not quite the same, and in containing chlorite and specular 
iron ore. This rock, which is called by the miners Zwitter or 
Stockwcrks-porphyr, is, as well as the neighbouring granite, traversed 
by numerous small and irregular veins of quartz, each of which is 
bordered, on both sides, by dark stripes. These dark stripes merge 
without any distinct line of jxinction into the finely granular granite ; 
it would therefore seem as though the dark stripes were the 
result of impregnation by liquids traversing the vein fissure 
previous to its becoming filled by quartz. From analyses made at 
Freiberg it would appear that there is but little difference in the 
composition of the unaltered granite, the dark-coloured stripes 
bordering the quartz veins, and the zwitter. 

At Oeyer, the rock enclosing the numerous small string-like 
veins is a granite of which the felspar is much decomposed. This 
granite has broken through mica schist, and the associated minerals 
are schorl, fluor spar, oxide of tin, and apatite. Cassiterite is not 
only present in the small parallel veins, but is also disseminated 
through the adjacent rock. The veins rarely exceed two inches in 
width and gradually merge into the granite. 

At Zinnwald, tin ore is obtained from a granitic rocK sometimes 
classed as a greisen, containing but a very small proportion of 
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felspar, and forming a flattened dome-shaped mass, which rises 
through a larger one of porphyry. The whole of this rock is fre- 
quently stanniferous, but the most productive deposits exist in the 
form of concentric zones, none of which exceed twelve inches 
in ^thickness. Seven of these zones or foliations, which Burat^ 
regards as contemporaneous with the granite, and from which he 
believes they were separated by a sort of liquation, are of suflicient 
importance to allow of being worked for tin. Subsocjuently to 
its consolidation the mass of the granite has been faulted by 
various fissures, now filled with clay and other dc^bris, so that the 
metalliferous zones have experienced numerous throws. 

At the Polberrow Mines in the parish of St. Agnes, Cornwall, 
a pale blue slate of silky lustre is traversed by numerous small 
tin veins. This rock extends to Trevaunance, harming the sea-cliff 
between that place and Trevellas Cooinbe, and contains many 
small quartz veins in addition to several lodes and cross-courses. 
The way in which these tin veins occur in slate rock is well 
illustrated in Fig. 42, which represents a specimen from this 



Fio. 12. — Till vi'iiis in cluj slate, Polberrow. 


locality, of which a lithograph is given by Henwood, in his valuable 
monograph on the Metalliferous Deposits of Cornwall and Devon. 
Writing in 1838, this author makes the following observations 
relative to the workings at Polberrow : — “ In pursuit of these 
little tin veins the excavations have been so numerous and exten- 
sive, that a mass of rock extending from the surface to sixty fathoms 
deep, being unsupported, is now slowly subsiding. The portion 
thus in motion is perhaps sixty or eighty fathoms in diameter, and 
its descent at the rate of six or eight feet in a month. The miners 
1 Geologie Appliquee,*’ Paris, 1855, p. 339. 
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still continue their labours in the moving mass.'" This appears to 
be the only stockwork ever extensively worked in clay slate, and 
it would be interesting to determine by means of analysis whether 
the whole of the oxide of tin is contained in the small veins, or 
whether a portion of it may not be enclosed in the slate itself. 

/. Faiilbands. — The celebrated silver mines of Kongsberg, in 
Norway, discovered in 1623, and worked with comparatively little 
interruption from that date to the present time, are situated in a 
district consisting chiefly of gneiss, gabbro, mica schist, hornblende 
schist, talc schist, and chlorite schist. The silver ores occur in 
what are known as Fahlhands, which consist of parallel belts of 
rock, of considerable width and extent, impregnated with sulphides 
of iron, copper, and zinc, and sometimes also with those of lead, 
cobalt, and silver. The iron pyrites often becomes, to some 
extent, decomposed near the surface, giving rise to the formation 
of hydrated ferric oxide and producing a kind of gossan, which is 
locally regarded as an indication of the presence of silver ores. 
These fahlbands, or grc'y beds, have a direction very nearly 
north and ^^th. They arc irregular in their dimensions, the 
greatest breadth of any one of them being about a thousand feet ; 
but they constantly preserve a considerable degree of parallelism 
with one another, and may be traced upon their line of strike, for 
a distance of several miles. 

The amount of ore disseminated through such beds is usually 
very small, and in but a few localities only has it been found 
sufficiently concentrated to admit of its being profitably worked. 
In the Kongsberg district there are several of those fahlbands, 
parallel in strike and inclination with the gneissoid and schistose 
strata in which they occur, and subject to the same local dis- 
turbances of stratification. They are themselves traversed by 
fissure veins containing silver ores, and long experience has shown 
that these are productive only where they intersect fahlbands. 
From this circumstance it becomes evident, not only that the 
composition of the lode is dependent on the nature of the adjacent 
rock, but also that the metalliferous portions of them were, in all 
probability, originally derived from the fahlbands through which 
they pass. The lodes, which are numerous, course nearly east and 
west, almost at right angles to the strata and fahlbands, and 
generally dip towards the south, although a few of them incline in 
the opposite direction. As a rule they are but a few inches in 
breadth, seldom exceeding a couple of feet, and their narrower 
portions are usually richer in silver than the broader parts, which 
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are chiefly made up of non-metalliferous veinstone. Their breadth 
is stated to increase up to a certain depth and then gradually to 
diminish; the portions having a thickness of about one inch 
being on an average the richest. When two such lodes intersect 
within the limits of a fahlband, the result is often a considerable 
pocket of ore. The lodes are without selvages, and are firmly 
attached to the wall rock, which for some distance is often impreg- 
nated with silver ores. 

The district around Skutterud and Snarum consists of crystal- 
line schists which vary between gneiss and mica schists, but which 
sometimes pass into hornblende schists. These, whose course is 
nearly north and south, and of which the dip is almost perpendicular, 
contain metalliferous zones similar to those of Kongsberg. They 
differ from them, however, in that the ores of cobalt which are 
disseminated tlirough them will, in certain places, pay the expenses 
of extraction, while the fiihlbands of Kongsberg are only important 
from enriching the lodes passing through them. The breadth 
of these fahlbands varies considerably, although their width cannot 
always be accurately determined, since a gradual tj^sition takes 
place from the metalliferous to the totally barreyrock. They 
follow the strike and dip of the schists, and are sometimes as 
much as thirty-six feet in width. Veins are altogether wanting 
in these fahlbands, and on the outer edges of the cobaltiforous beds 
are others containing mispickel, which is entirely free from cobalt. 
The principal fahlband is known to extend for a distance of six 
miles, and is bounded on the east by a quartzose diorite, which 
protrudes into the bed in the form of irregular masses, and as 
dykes, traversing it in a zigzag course. This metalliferous band 
is also intersected by dykes of coarse-grained granite, which contains 
no ore, but whose branches sometimes penetrate into the diorite. 

g. Contact Deposits. — Contact deposits are metalliferous 
accumulations often found between the planes of contact of 
dissimilar rocks. In deposits of this class the ore is usually 
concentrated between two formations differing in geological age, 
and unlike in their mineralogical characteristics. When strata 
have been uplifted and have become metamorphosed through the 
agency of a central intrusive mass, an irregular band of metallic 
ferous ore will sometimes be found extending along the line of 
contact between the eruptive and altered rocks, while in other cases 
it may be met with at some inconsiderable distance from the line of 
junction, with which, however, it preserves a general parallelism. 
Fig. 43 represents an ideal section of a line of contact between a 
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stratified and an igneous rock, in the immediate vicinity of which 
occur the metalliferous deposits a. 

Some remarkable deposits of this character are met with near 
Framont, in the Vosges, where masses of specular iron ore surround 
a central boss of quartz-porphyry, which has tilted the stratified 
rocks, and specular ore has been introduced into all the resulting 
fissures and cavities, which are frequently lined with beautiful crystals 
of that mineral. The sheets and strings of copper which are con- 
centrated at the junction of traj) and sandstone at some points on 
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the south of Lake Superior, afford an example of the deposit 
of a native metal along the contact planes of two dissimilar 
rocks. The copper ores of Monte Catini, in Tuscany, also belong 
to this class of deposit, being developed along the line of outcrop of 
certain gabbros, which Burat appears to regard as resulting from the 
metamorphic action of serpentine upon strata of cretaceous age. 

There is considerable diversity of character among deposits 
of this kind, the chief distinction between them arising from 
the! circumstance that in some cases the ore has been segre- 
gated from one or other of the neighbouring rocks, while in others 
it has apparently come from a foreign source, and been deposited 
in more or less continuous sheets in cavities formed between the 
surfaces of adjacent rocks. To the first of these classes appear 
to belong the argentiferous ores of Leadville, Colorado, which 
S. F. Emmons regards as having been deposited from aqueous 
solutions coming from above, which derived their metallic contents 
from neighbouring eruptive rocks.^ 

The celebrated quicksilver mines of Almaden, situated in the 
province of La Mancha near the frontier of Estremadura, Spain, 
are worked on three parallel bed-like formations belonging to 
the class of contact deposits. They occur at the junction of 
Silurian slates and sandstones with a metamorphic rock generally 

^ ** Geology and Mining Industry of Leadville, Colorado,” Annual Report of the 
Secretary qf the Interior* Washington, 1882, p. 234. 
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regarded as a sandstone metamorphosed by the action of a mass 
of diorite upon which it rests. 

/t. Chambers or Pockets. — Chambers in limestone rocks form 
in many countries receptacles for the ores of various metals, but no 
where are there such striking examples of this class of deposit as 
those found in the western mining districts of the United States of 
America. After carefully studying these masses of ore in situ, ])r. 
Newberry has arrived at the conclusion that they constitute a distinct 
and important class which should be added to the catalogue of forms 
of ore deposit heretofore described. Deposits of this class when of 
large size arc in Germany included under the name of SlocJcCy while 
those of smaller dimensions are named either Butzen or Ncster. 

Among the most striking examples of these chamber mines are 
the Eureka Consolidated, and Richmond, in Nevada, and the 
Emma, Flagstaff, and Kessler Cave Mines in Utah, &c. In all of 
them the ore-bodies are found filling, more or less completely, 
irregular chambers in limesiojie, and the aggregate annual pro- 
duction of such deposits is now very largo. Ore to the value of 
£200,000 is said to have been extracted from one of/the chambers 
of the Eureka Consolidated, and a still larger ambunt from the 
great chamber at the Emma Mine. Newberry believes these 
deposits to have been formed in the following way : — 

A stratum of limestone more than usually soluble in atmospheric 
waters containing carbonic acid, has at some period been honey- 
combed into chambers and galleries, such as those which traverse 
the limestone plateau of Central Kentucky, of which the Mammoth 
Cave is a well-known example. Subsecpiently the rock was 
broken through and uplifted by the subterranean forces which 
have disturbed all important mining districts, and through the 
fissures thus formed mineral solutions ascended and flowed into 
any cavity that might be open to receive them. Whenever these 
fissures traverse an insoluble rock, they have become fissure 
veins, whereas, when cavernous limestone w^as broken into, its 
open galleries and caverns were more or less completely filled 
with ore. It has been suggested that the caves now holding 
these ores may have been produced by the action of the 
same metalliferous solutions from which the ores were deposited. 
This, however, he does not think probable, since many of the 
cavities are without ore and have their sides incrusted with 
crystals of calcite ; and even where ore is mefc with the surrounding 
walls are always hard and unimpregnated with ore. He concludes 
therefore that the chambers were formed, like modern caves, by 
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surface waters, and that at the time the country was uplifted and 
the rock shattered some of them only were broken into ; these 
alone received the metalliferous solutions and ultimately became, at 
least partially, filled with ore, while those which were not in com- 
munication with the metalliferous channels have remained empty. 
The character of the ores contained in these chambers varies 
as much as it does in ordinary fissure veins, thus showing that the 
nature of the metalliferous solutions was not always in different 
localities the same. Tliere can be no doubt that argentiferous 
galena was the ore most abundantly deposited in these chambers, 
but in some cases it was associated with large quantities of 
iron pyrites, while in others this mineral is almost entirely 
absent. 

The ratio of gold to silver varies greatly in such ores ; those of 
the Eureka Mine are rich in lead, and contain much iron, while 
the aggregate value of the precious metals is about £14 per ton, of 
which one half is represented by gold and the other half by silver. 
The ores of the Emma Mine were richer in lead, and contained less 
iron and a little copper, but much more silver and less gold. Similar 
differences occur in all the chamber mines, but in every instance 
the ore has become thoroughly oxidized. In some of the neigh- 
bouring fissure veins, however, the decomposed ores of the chambers 
are represented by unaltered masses of galena and iron pyrites, 
in which form the ores were doubtless originally deposited in the 
caverns of the limestone ; in such veins the galena usually carries 
the silver, and the pyrites, the gold. The enormous production of 
silver and gold from the chamber mines already worked in the 
United States, sufficiently demonstrates the great importance of 
this class of deposit, but should the theory suggested by Dr. 
Newberry be correct, they cannot be expected to extend to such 
great depths as the ore-bodies of fissure veins ; since the excava- 
tion of the limestone if produced by atmospheric water, cannot 
extend beyond the zone traversed by surface drainage. 

General Conclusions. — It is evident that, although convenient 
for the purposes of description and for fixing our views within 
certain limits, no classification of ore deposits can, in all cases, be 
quite satisfactory, and this becomes at once apparent when we 
consider the numerous points of resemblance which exist between 
their several varieties. A segregated vein, if everywhere following 
the stratification or foliation of the enclosing rocks, may be readily 
mistaken for a bed ; if, however, during any portion of its course it 
be found either to cut across the stratification or foliation, or to 
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enclose fragments of both the overlaying and underlaying rocks, 
it becomes evident the deposit can only be regarded as a vein. 

The two essential requisites for the formation of an unstratified 
ore deposit would appear to be, in the first place, the existence of a 
metalliferous rock, and, in the second, the presence of suitable 
cavities in which an accumulation of mineral can take place from 
solution. Such cavities may either assume the form of ordinary 
vein fissures, or that of chambers or pockets. 

Fissures may cut distinctly across tlie strata independently of 
bedding and may become true fissure veins ; or they may conform 
to the stratification of the enclosing rocks and ultimately give rise 
to deposits of the class known as segregated or bedded veins. 

Fissures owing their origin to deep-seated causes will follow 
the stratification of the rock, or will run across it, according to 
the direction of the forces producing them; fissures of a third 
description may be formed along the line of junction of an eruptive 
rock with a sedimentary one, or between two rocks of erujjtivo 
origin but of different ages. In all cases the process of filling by 
infiltration will probably be the same, exctq)ting that in the deeper 
fissures, moj-e especially in those in the vicinity of eruptive 
rocks, it is not unreasonable to supjjose that through the instru- 
mentality of highly heated waters a portion of the ore and veinstone 
may have been derived from rocks lying at considerable distances 
and at very great depths. It is likewise not improbable that 
changes in local conditions may sometimes result in the removal 
of a deposit from one position and its re-deposition in another. 
In the case of contact deposits there appears to be no reason 
for believing that the juxtaposition of dissimilar rocks has generally 
any direct influence on the formation of ores; on the contrary, 
it will be understood that between the surfaces of approximate 
contact there will often be spaces suitable for the reception of 
minerals, and should one or both of the adjoining rocks be metalli- 
ferous, and other circumstances favourable, deposits of ore will 
be the result. 

Where, as at Leadville, Colorado, a great thickness of metalliferous 
porphyry or of other similar rock overlies beds of limestone in 
which large cavities have been produced by the action of carbonic 
acid contained in the surface waters, these may become the 
repositories of accumulations of ore which has been washed out 
from a superincumbent crystalline rock. In other cases, as in 
certain mines of Nevada and Utah, the metalliferous solutions 
may have reached the cavem-like receptacles of ore from 
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below and through fissures in rocks not readily acted upon by 
carbonic acid. 

Gash veins would appear to be the result of the action of 
waters containing carbonic acid upon certain fissures in limestone, 
which subsequently become more or less completely filled with 
minerals derived from rocks in their immediate vicinity. 

Impregnations may he regarded, generally, as concentrations 
by chemical agencies of metalliferous minerals previously dissemin- 
ated either through the same or through a neighbouring rock. 
This concentration appears to have been often caused by the per- 
colation of metallic solutions through the substance of the various 
rocks, but as regards “ carbonas ” these seem to have frequently 
arrived from some distance through fissures in direct communica- 
tion with lodes. 

Stockworks are sometimes little more than patches of crystal- 
line rock containing an unusual proportion of an ore which is more 
sparingly disseminated throughout its mass ; any minute fissures 
which may occur in such deposits becoming, as in the case of fahl- 
bands, metalliferous by a process of segregation. In certain cases, 
however, as at Altenberg, a portion of the stanniferous solution has 
apparently reached the stockwork from a distance through fissures 
subsequently filled with quartz. As is exceptionally the case 
with certain fahlbands, eruptive rocks sometimes contain patches 
sufficiently impregnated with an ore to admit of being advantage- 
ously worked. Such metalliferous patches are probably in some 
cases the result of an originally unequal distribution of an ore 
forming one of the constituents of the rock, but there does not 
appear to be sufficient ground for believing that ore deposits in 
any other form have been directly produced by eruptive action. 



PART 11. 

ORE DEPOSITS OF THE PRINCIPAL 
MINING REGIONS. 


In selecting for description some of the more important ore 
deposits of the world, they will be grouped in accordance with 
their geographical distribution, and wdll be chosen cither on 
account of their economic importance, or because tlu'y exhibit 
unusual and instructive phenomena. 

The principal deposits of the various mining countries will be 
described in the following order : — 

Europe. — The United Kingdom, France, Belgium, German 
Empire, Austro-Hungarian Monarchy, Italy, Greece, Spain, Portugal, 
Scandinavia, Russian Empire — Asia in Part. 

Asia and Oceania. — Indian Empire, Straits Settlements, 
Dutch East Indies, Japan, &c., Australasian Colonies. 

Africa. — Algeria, Cape of Good Hope. 

North America. — United States, Dominion of Canada, Mexico. 

South America. — Brazil, Chili, Bolivia, Peru, Guiana, &c. 


EUROPE. 

THE UNITED KINGDOM. 

The most important mines of the United Kingdom are situated 
in the counties of Cornwall and Devon, in Shropshire, Yorkshire, 
Derbyshire, and North Lancashire, as well as in Westmoreland 
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and Durham. Mining is also extensively carried on in Anglesea 
and various other parts of Wales, in the Isle of Man, in the south- 
west of Ireland, and the south and west of Scotland. 

England. 

Silver mines were worked in Britain before the invasion of the 
island by the Romans, and gold must have been well known to 
the inhabitants of this country before the arrival of Caesar, since 
coins of that metal were then in circulation among them. Caesar 
and Strabo agree in stating that the Britons obtained their copper 
from foreign sources, and iron is described by the former as being 
so rare as to be sometimes employed as a medium of exchange ; a 
century later, however, it was so common as to have become an 
article of export. Tin was anciently the most important metallic 
production of Great Britain, and a desire to obtain possession of 
the mines producing it, and thereby becoming independent of the 
Phoenician monopoly, appears to have first induced the Romans to 
visit the island. About the middle of the sixteenth century 
mining was less intelligently conducted than on the Continent, as 
we are told by Sir John Pettus ^ that ‘'About the third year of 
Quejcn Elizahcih, she, by the advice of her Council, sent over for 
some Germans experienced in and being supplied, she, the 

tenth of October y in the sixth of her reign, grants the Mines of 
eight Counties, besides those in Wales, to Iloiu^listeUer, a German, 
&c., whose name and Family still continue in Cardiganshire; and 
doubtless wc had rnucli of our knowledge from their Predecessors, 
who revived this work in Cardiganshire, They also entered upon 
another work of Copper at KesvncJc, in Cumberlandr 

In addition to having been long pre-eminent as a tin-producing 
country, England was, for a period somewhat exceeding a century, 
likewise the largest producer of lead, copper, and iron ores. 
Although still yielding a more considerable amount of iron ore 
and producing a greater quantity of pig iron than any other 
country in the world, as far as the other metals are concerned 
England has at the present time various formidable and successful 
rivals. Among European cduntries Spain may be cited as producing 
larger quantities of lead and copper, while recent colonial enter- 
prise has resulted in the discovery of large and exceedingly rich 
deposits of tin ore in Australia. 

Cornwall. — The metalliferous rocks of Cornwall comprehend 
^ “Fodinoe RegalcF,” 1670, p. 20. 
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granite and slates, associated in some places either with hornhlendic 
rocks or with elvam (quartz-porphyries), which usually form broad 
dykes intersecting indifferently both granite and slate.^ Granite 
occurs in four principal masses, besides several smaller ones, its chief 
constituents being quartz, felspar, and mica ; although in addition 
to these schorl is everywhere more or less abundant. The felspar 
and mica of Cornish granites are of at least two kinds, and the 
granitic ground-mass sometimes includes large crystals of both 
mica and tourmaline. The granite is for the most part somewhat 
coarse-grained, but varies considerably in this respect in different 
localities, while the more coarsely crystalline rock is not unfre- 
quently traversed by granite veins of a much finer texture. 
Spheroidal masses of schorl rock are sometimes enclosed in the 
granite. Two distinct scries of joints intersect the granite nearly 
at I'ight angles, dividing it into approximate cubes, while others, 
in intermediate directions, again subdivide it more or less irregu- 
larly. The granite of this region frequently exhibits a foliation 
which roughly approximates to the contour of the surface and 
imparts to the rock a somewhat gneissoid character. 

The slates, which arc locally known as usually rest on the 

granite at a considerable angle, but in some (^ases the junction is 
nearly vertical, while in others the two rocks arc, in the immediate 
vicinity of their boundaries, considerably mixed. Near the line 
of junction the granite is not unfrequently extremely fine-grained, 
while the slate often becomes hard and massive, but differs from 
the granite in general appearance, as well as in being also much 
darker in colour. Veins of granite frequently penetrate tlie slate, 
and masses of the one rock are sometimes enclosed in the other. 
In one district, at a considerable distance from any known large 
body of granite in situ, numerous detached spheroidal boulders of 
that rock have been found enclosed in slate. No general descrip- 
tion can be given of the mineralogical composition of the slates of 
Cornwall, since the nature and proportions of their several con- 
stituents are seldom constant over any considerable area. Among 
their recognizable minerals, however, quartz, felspar, mica, chlorite, 
schorl, and hornblende are the most conspicuous. In the vicinity 
of granite the slates are frequently of a green, brown, purple, or 
violet hue ; but at more considerable distances from it they are 

^ The nietalliferous districts of Cornwall have been more carefully dcjscnbed by 
W. J. Henwood than by any other observer, and I have much pleasure in 
acknowledging my obligations to his work, “ On the Metalliferous Deposits of 
Cornwall,*’ Trans. Roy. GcM, Soc. of Cornwall, vol. v., and to his Address^ Royal 
Institution of Cornwall^ 1871, for much important information. 
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often of a grey, bluish-grey, deep-blue, brownish-yellow, or buff 
colour, and in some localities contain fossils, chiefly of Devonian age. 
Certain of these slates are distinctly crystalline and possess an 
imperfect cleavage, while others are highly fissile ; all are, however, 
more or less interlaminated and veined with quartz. The planes 
of bedding almost invariably dip from the granite, the various 
layers of slate thus mantling round the slopes of the granitic hills. 
Sandstones sometimes occur interstratified with the slates, which 
are also occasionally traversed by dykes of diabase. 

Quartz-porphyry usually occurs in the form of dykes known 
as elvan courses, which are sometimes only a few feet in width, but 
are generally much wider. Less frequently elvan has been met 
with in apparently isolated masses. Elvan courses traverse granite 
as well as slate without interruption, and, in one case at least, 
two lodes would .appear to have been intersected by an elvan. 
Dykes of this rock frequently conform both in direction and dip 
to one series of joints in the rocks which they traverse, but are 
rarely conformable with the cleavage planes of the slate, Elvan 
courses sometimes divide into branches or ofishoots, but this 
occurs less frequently than in the case of lodes. When enclosed 
in slate, elvans are usually, to a large extent, composed of a com- 
pact felspathic ground-mass with quartz and a little schorl or 
mica, enclosing white, buff, pink, or dove-coloured felspar with 
crystals of quartz, which are often double-pointed, and of which 
the faces and edges sometimes appear to be slightly rounded. 
When passing through granite, quartz and felspar still prevail, and 
mica and schorl are abundant, as well as are also porphyritically- 
enclosed crystals of felspar and quartz; but the texture of the 
ground-mass is usually finer than it is when traversing slates. 
In both rocks, however, elvan is coarser in grain near the centre 
of the mass than in the vicinity of its sides. 

Numerous joints traverse the elvans in all directions, dividing 
them into blocks of irregular form; these crevices are in some 
cases faced with schorl, wliile in others they are filled either with 
a white or a ferruginous clay. The quartz of elvans contains fluid- 
cavities very similar to those found in that mineral when occurring 
in granite. Throughout the mining districts of Cornwall the run of 
the elvan courses is a few degrees north of east and south of west, but 
in other parts of the county they vary considerably from this direc- 
tion. Their dip is less than that of the lodes by which they are 
intersected, but greater than the dip of the cleavage planes of the 
slates which they intersect. 
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The serpeBtine of Cornwiill is traversed by numerous veins and 
branches, which sometimes contain native copper, but this metal 
does not occur in sufficient quantities to entitle tiie rock to rank 
among the metalliferous series of the county. Veins of tine- 
grained granite sometimes penetrate not only the OTiter eclgt's of 
the granitic bosses but also the adjoining fossiliferoiis rocks, in- 
cluding the Culm series. The elvans hold their course straight 
through the granite and the granitic veins, and these are again 
traversed by veins containing tin and copper ores. The lodes arii, 
therefore, newer than the elvans, and the most ancient mincTal 
veins of Cornwall are consequently younger than the (yarbon- 
iferous period ; they are, however, probably not more recent than 
the Permian, since no lodes have been discovered in the sand- 
stones belonging to the Poikilitic group. 

In certain exceptional instances it might, at first sight, ap])('ar 
that elvans were posterior to tin veins, but the observations of 
Sir H. T. De la Beche led him to an opposite coiuhision, and lie 
lias sliown how the cases which have been brought forward in su])- 
port of that view may be otherwise interpreted.^ Tin ore cx'curs 
disseminated through granites, elvans, and slates, as well a»s 
in minute v(uns in those rocks, (yoi)por on^s are sonudinu's 
sporadically distributed through the granites, elvans, and slates 
in the same way that these rocks are impregnattx] with tin oiw 
Such impregnations of co2)per, howevi'r, seldom possess a-uy 
commercial importance. 

The principal repositories of the various orc^s of Cornwall ar(‘ 
lodes, which consist to a large extent of (piariz, and extend witliout 
interruption through every rock of the metalJifci’ous series; they 
however, in some degree, partake of the characteristics of the 
different rocks through which they pass. Notwithstanding that 
workings often extend for considerable distances on lodes corro 
sponding in direction, it is by no means certain tliat any individual 
lode lias ever been traced for a length of ahovct a mile. Ev(‘ry 
lode throws off branches and strings into the adjoining country 
rock, and this frequently occurs to such an extent that instead of 
remaining a single champion lode the vein becomes divided into a 
complex and irregular network. A lode will also often dwindle to 
a mere line, while some of its offshoots become enlarged, and finally 
exceed, both in size and richness, the vein from wliich tliey 
originally separated. It is by no means unusual for a lode to 
divide immediately at its point of intersection witli a ci oss-coursc, 

^ “Report on the Geology of Cornwall and Devon,” 18119, p. 310, 

1 
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on one side of which it will he united, while on the other it is 
divided into several branches. 

Lodes wliich are approximately parallel in direction dip at 
'various angles or in different ways, and consequently they not 
unfrequently intersect "^one another. The results of such inter- 
sections are exceedingly various : sometimes such veins unite and 
continue together for some distance, but at length separate. Not 
uncommonly one lode is displaced horizontally, or thrown vertically, 
by the other, while occasionally both are disordered and lose their 
distinctive characters at the point of iniersoction. Generally speak- 
ing, lodes which yield a mixture of the ores of tin and copper 
are wider than those which contain ores of only one of these 
metals. The lodes of Cornwall are wider in slates than in 
the granite, and their average width is greater within 100 
fathoms from the surface than at any greater dejith hitherto 
attained. Henwood furnishes the following figures as tlie result 
of his investigations relative to the thickness of Cornish lodes : — 


Lodes yielding ores of both tin and copper average 4'7 feet in width. 
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On passing from one rock to another, or from riches to pov- 
erty , the width of a lode frequently changes, but under ordinary 
circumstances a lode commonly maintains, approximately, its 
characteristic breadth. The direction of lodes in the different 
mining districts are not perfectly identical, nor are all those 
occurring in tlic same neighbourhood strictly parallel. 

The central portions of the county are traversed by two systems 
of veins, namely, champion lodes and cannier lodes, each of which 
maintains approximately its own normal range ; but, even in the 
most western district, the veins exhibit a certain degree of diver- 
gence. Notwithstanding that there is scarcely a point of the 
compass towards which some lode is not known to tend, and that 
the lodes in many localities have an approximate coincidence, 
their mean direction differs materially in various parts of 
Cornwall. 
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The mean direction of the lodes in different parts of Cornwall 
are given by Henwood as follows : — 


St. Jnst . . . 3.5° S. of E., N. of W. 

tSt. Jves 8^ S. of E., K of W. 

Marazion . . N. of E , S. of W. 

Gwinear . . 2^* S of E., N. of W. 

H»aston ... 16" N. of E., S. of \V. 

Camborne . . 20'" N. of E., S. of W. 


Redruth . . 22" N. of E., E. of W. 

St. Agues . . 22" N. of E., S. of W.* 

St. Austell . 1,r N. of E., S. of W. 
Cnradon . . . 18" N. of E., S. of W. 

Tavistock . . 9“ X. of E., S. of W. 


Their avera,ge bearing is about 5'' N. of E., S. of W., a. ra,n<ro 
which does not materially differ from tliat of tlie granite outcrops 
wdiich at intervals make their appearance hetween Dartmoor and 
tlie Land’s End, and also not unlike the course of a lin(‘ drawii 
directly tlirough the centre of the county. Lodes pivsent as 
many flexures in their downward eours(' as in their horizontal 
direction, and vaiy in dip from a,u inclination of kss than 45° 
with tlie liorizon to 90°; the average being jirobahly about 70°. 
Sometimes, altliough less frequently, lodes dip in ojipositc* diri‘ctions 
in different parts of their range. Both lodes and cross- (oiirses 
dip more frequently toAvards the grajiite tlian away from it, and 
veins Avhicli maintain a nearly meridional direction are in 
wall more highly inclined than those coursing more nearly ('ast 
and west. 

Lodes intersecting dissimilar rocks ohlifjudy to their line of 
junction are sometimes slightly deflected, and for a. short distance! 
occasionally pass between them, hut they sulfcr no interrnptif)n 
and soon resume their oiigiiial direction. In such (‘as(‘s the 
rocks often occupy corresponding positions on both sidc!s of tlic 
vein; sometimes, on the contrary, a faulting of the strata has 
taken place along the course of the lode, and thc‘ horizontal and 
vertical range of the rocks on its two sides may Ix^ very differc^nt. 
Both the composition and structure of lodes is materially infhiencod 
by the rocks in their immediate vicinity. 

Those parts of the lodes of Cornwall which are most uniform in 
composition consist chiefly of crystalline quartz containing many 
fluid cavities, and in such places a distinctly jointed slructuro 
of the veinstone is frequently apparent; but where the tilling 
of the vein fissure is made up of more heterogeneous materials 
this characteristic is less commonly observed. The quartzosc 
portions of veins are sometimes divided into combs wliidi 
curve, unite, separate, and again fall together in such a way 
that, without being strictly parallel, tlie tliioker parts of certain 
layers adapt themselves to the thinner portions of others. 
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tiori from poverty to riches is seldom a sudden one, since the 
veinstone in the neighbourhood of large bodi(‘s of ore usually 
becomes increasingly impregnated with the same mineral as it 
approaches the larger mass. In all lodes, whatever may be the 
nature of the ore which they produce, the most higlily inclined 
portions are the most jiroductive ; and almost all bodies of ore, 
whether of tin, copper, or lead, liave an end-long dip, usually 
approximating to the foliation of the enclosing granite, or to the 
bedding or cleavage-planes of the surrounding slates. Lodes and 
branches are frecpiently richer at their junction witli one another 
than they are elsewhere; particularly when they come together 
horizontally or on their dip so as to form an acute angle. When 
lodes of a soft or granular character pass into a rock of more 
than ordinary hardness, they frequently divide into numerous 
branches; while the same effect is sometimes produced by the 
passage of a lode into unusually soft strata. 

Rocks possessing a considerable degree of hardness are more 
frequently productive of tin than they are of copper, and, both 
in granite and in elvan, a well-defined porphyritic structure is 
regarded by miners as an unfavourable indication ; while in both 
rocks a gradual blending of the included crystals with the sur- 
rounding ground-mass is considered an encouraging circumstance. 
1 1 alls vei sc Joints often exercise an unfavourable influence on the 
production of a lode, and a course of ore sometimes terminates 
abruptly at such a fissure. During many years the chief produce 
of two important and almost adjoining tin mines in Cornwall, was 
obtained from deposits of Avliicli examjdes on a large scale are not 
met with in other parts of the county. These deposits, which are 
locally known as “carhonas,"’ will be again referred to in connection 
with the tin deposits ol the St. Ives district. 

\eins which chiefly consist of (piartz, and which with rare 
exceptions yield neither ores of tin nor copper, are in the 
&t. Just district called guides^ wdule in the ueiglibourhood of 
St. Ives they are known as irawns, and in other parts of 
Cornwall as cross-roitracs. When such veins consist of clay only, 
they are called In the following table Henwood applies 

the term cvoss-vcifi to both varieties. The moan directions of 
cross-veins in different parts of Cornwall are as follows 


St. Just , . . N. of E , S. of W. 

St. Uas . . . 38° S. of E., N. of \V. 

Marazioii S. of E. N. of W. 

Gwiiiear . 43"’ E. of S. W. of N. 

ITolston . . 21° S. of E. N. of W. 

Camborne 8i° E. of S. W. of N. 


I Redruth . . . 3.5° S. of E., K. of W. 

I St. Agues . . 39« E. of S., W. of N.' 

St. Austell 21° N. of W. 

Meulieiiiot 8° N. of IC S. of w! 

Caradoii 13° E. of S. W. of N.* 

I Callington 43° S. of E. K. of W, 
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Their average bearing throughout the county is about south-east to 
north-west, which does not differ materially from that of one of tlte 
most distinctly developed series of joints in the rocks. The average 
inclination of cross-veins maintaining the general range is about 
80 , whereas that of those which run more nearly east and west 
scarcely exceeds 00°. Their dip is more frequently towards tlm 
granite than in the contrary direction. 

Cross-veins are wider in granite than in slate, and at great 
depths than near the surface. 

The mean width of cross-veins in granite averages 4*9 feet. 

}> a i> » slate „ 8*5 ,, 

» at less than 100 fathoms deep 4*0 „ 

„ » at more „ „ 4*4 „ 

Cross-veins, like lodes, partake of the nature of the different 
rocks through which they pass; thus in granite, notwitlistanding 
the occasional occurrence of quartz, the principal constituents are 
the minerals of which granite is composed. In homogeneous slate, 
on the contrary, they are not unfrequcntly flucans consisting of 
triturated slate. Sometimes cross-veins are only developed at 
certain depths from the surface, and divsappear both horizontally 
and vertically within very short distances. 

Small quantities of copper and silver as well as of tlie ores of 
these and other metals occur in cross-veins, but they are frequently, 
although not always, limited to those portions of the vein which 
pass through lodes in which such metals and ores prevail. A large 
proportion of the richest lead veins in the county of Cornwall 
have, however, nearly the same direction and mineral characteristics 
as the principal cross-veins. Cross-veins, intersecting both the 
rocks and lodes through which they pass, when composed of 
cavernous quartz, afford almost the only natural channels for 
the ready circulation of underground waters; on the otlier hand 
those portions which have been filled with flucan are so thoroughly 
impermeable that they are, for tliis reason, not unfrequently chosen 
as the boundaries of areas leased for mining purposes. Slides 
have been observed in the schistose rocks of certain mining 
districts only. 

It is of great importance that the miner should be in a 
position to judge whether the chances of successful search for a 
severed vein are greatest towards the right or towards the left hand, 
and the following information relative to this subject will not bo 
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without interest.! Out of 272 lodes recorded by Henwood as 
being divided by cross-veins in different parts of CornwaU, — 


57 or 0*20 of the whole number were intersected but not heaved. 
135 „ 0*50 „ „ were heaved towards the right hand. 

80 „ 0‘30 „ „ „ „ left hand. 

181 „ 0*67 „ „ „ „ greater angle. 

34 „ 0*13 „ „ „ „ smaller angle. 


Tiio following arc the results of the intersection of lodes, affording 
ores of different metals, by cross-veins : — 


Nature of ore oontahied 
ill the lodes. 


Tin ore 

Tin and coppor ores . . 
Copper oro 


Lodes 

intoiseftftd 

Lodes heaved towards the 

but not 
Iicuved. 

Right hand, j 

Left hand. 

Greater 

angle. 

Smaller 

angle. 

0-18 

0T)6 

0-26 

0-52 

0*30 

0-37 

0*44 

0T9 

0-56 

007 

0T8 

0 52 

0‘30 

0-74 

0-08 


The mean distance to wliicli lodes of more than two 
feet in width are heaved by cross-veins more 
than one foot wide is 28*3 feet. 

The mean distance to which lodes of less than two 
feet in width arc heaved by cross- veins more than 
one foot wide is 16*1 feet. 

The mean distance to which lodes of more than two 
feet in width are heaved by cross-veins less than 
one foot wide is 17*0 feet. 

The mean distance to which lodes of less than two 
feet in width are heaved by cross-veins less than 
one foot wide is 4*8 feet. 


Henwood states that there is at least one instance on record of a 
lode and a cross-vein alternately intersecting one another at 
different depths in the same mine. 

Elvans traverse the same districts as the lodes, and owing to 
various differences of direction and dip are frequently intersected by 
them. The cross-veins cut through elvans and lodes alike, but while 
they heave hundreds of the latter they displace scarcely a dozen of 

^ The direction of a heave is generally indicated by right and left^ because the 
same expression serves etjually well when the dislocation is approached from either side. 



ENGLAND. 


121 


PAET II.] 

the elvans intermixed with them and through which they also 
pass. 

Thermal springs of saline waters have at different times 
been met with in some of the deeper w^orkings in the neigh- 
bourhood of Camborne. Among the mines in which such 
springs have becm observed are those of North Koskear, North 
Crofty, Huel Clifford, and Hiiel Scton. The waters issuing from 
the first two of these localities do not aj^pear to have been 
subjected to chemical analysis, but that from Huel Clifford was 
analyzed in 1868 by Dr. W. A. Miller.* 

This water issued at a temperature of 125° F., and at the rate 
of 150 gallons per minute, in the 2:l()-fa.thom level ; or at a depth 
of 1,320 feet below the sea. Its specihe gravity was 1*007, and 
the saline constituents ’were found by evaporation to amount to 
646*1 grains per imperial gallon, consisting of: — 


Chloride of lithium 

Chloride of potassium with ) 
a little chloride of caesium j 

Chloride of sodium 

Chloride of magnesium 

Chloride of calcium 

Sulphate of calcium 

Silica 

Oxides of iron, aluminium, and manganese . . . 


26 05 

14*84 

363 61 
8*86 
216*17 
12*27 
3*65 
traces 
645*45 


The workings at Huel Scton have been entirely confined to 
the killas or clay slate. In 1872 saline waters issued at the rate 
of 50 gallons per minute, and at a temperature of 92° F., from the 
eastern fore-breast of the IGO-fathom level, or at a depth of about 
780 feet below the sea. At this place the lode is not well defined, 
and had been driven upon until a cross-vein was intersected, from 
which the water issued. A short distance from this point an 
elvan course, forty feet in width, is traversed by the same vein. An 
analysis of this water afforded me results which may be tabulated 
as follows ; although, as the state of combination of the various 
substances present cannot be positively determined, the system of 
grouping adopted may be regarded as to some extent arbitrary.- 

^ Report of the Thirty fourth Meeting of the BriiUh Association, 1864, p. 35. 

* J, Arthur l^hillips, “ On the Comi>osition and Origin of the Waters of a Salt 
Spring in Huel Seton Mine,” Philosophkal Magazine, Fourth Scries, vol. xlvi. 1873, 
p. 26. 
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The solid matter amounted to 1005‘61 grains per gallon, or 
14 3658 grammes per litre. 


1 Grains i»er gallon. 

Grammes per litre. 

(Calcium carbonate 

6-45 

•0921 

Iron ,, 

•31 

•0045 

Manganese ,, ...... 

C'alcium sulphate 

trace 

trace 

212 

*0303 

(hi])ric chloride 

trace. 

trace 

Calcium ,, 1 

473*88 

6*7697 

Magiic.siuni ,, 

11*98 

*1712 

Aluminium ,, 

63-02 

*9003 

1‘otassium ,, 

6*43 

•0919 

C.'esium ,, 

trace 

trace 

Soiliuiii ,, 

409-09 

5*8442 

Lithium ,, 

Potassium hroniidc 

34*22 

*4888 

trace. 

trace 

Potassium silicate (K.^SiOg) . . 

4-85 

•0693 

Ammonia 

trace 

trace 

Nitric acid 

trace. 

trace 

Total found hy addition .... 

1012 35 

14*4623 

Total found directly ^ 

1005*61 

14*3658 

Free carbonic acid 

2-61 

*0373 

.. . 

. . . 




These waters are remarkable for the large amount of lithium 
which they contain, but both Huel Clifford and Huel Seton Mines 
are now abandoned, and the springs consequently submerged. 
Minute quantities of the heavy metals, other than copper, were not 
sought after. 

The milling districts of Cornw^all axe separable into two 
great divisions, that of the West and that of the East; the 
former lying to tlie west of Truro, and the latter to the east of that 
city. From the Land’s End a metalliferous country extends al- 
most without interruption to the parish of Kea near Truro ; here a 
break occurs until we approach the neighbourhood of St. Austell, 
where another metalliferous area commences and extends in an 
irregular and scattered manner into Devonshire. These divisions 
are of very unequal extent, the western being about thirty-six 
miles in length with a width from sea to sea varying from six to 
fourteen miles, while the eastern extends for a length of nearly 
forty-five miles with an average width of about twenty miles. 
The area of the eastern region thus exceeds that of the western in 

^ The difference between the amount of total solid contents, as found directly, 
and that obtained by the adtUtion of constituents, is doubtless to some extent due to 
the partial decomposition of aluminium and magnesium chlorides during the drying 
of the residue. 
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the proportion of two and a half to one ; its annual production of 
the metals is, nevertheless, so greatly inferior that, in value, they 
amount to less than one-hfth of that of the ores raised in the 
other division. The principal geological features of the county of 
Cornwall are, in their broader outlines, indicated in the sketch map 
forming the frontispiece to this volume. 

The mining regions of this county have been divided by 
Heriwood into twelve distinct districts, while Mr. H. C. Salmon^ 
subsequently extended this number to twenty ; for the purposes 
of the present work it will, however, be found more convenient 
to adopt the classification of Mr. Robert Hunt, Keeper of Mining 
Records, who in Ijis returns giouj)ed the whole of these districts 
into four large divisions : — 


Western 

Division. 


"West Central ( 
Division. 


East Central 
Division. 


Eastern 

Division. 






All those parts of the county west of a line drawn 
from Marazion to llayle. 

Thfit portion of Cornw'all west of a line drawn 
from the Dodman Point to Padstow, and east 
of Marazion and Hayle, 

Tliat part of the county lying west of a straight 
liiK'- drawn from Looe through Liskeard to tlio 
bimndary of the county, and east of tlie 
Dodman and Padstow. 

This division is bounded on the west by a line 
drawui from Looe tliroiigli Liskeard to the 
boundjuy (jf the (‘ounty, and extends eastward 
to the River Tiirnar. 


Western Division . — Tlie more important mines of this division 
of the county are situated in tlio vicinity of the towns of St. Just 
and St. Ives. In the iK'ighbourhood of the former the principal 
mines arc comprised within an area six miles in length and three 
in breadth, about a mile south of Cape Cornwall, forming at this 
point the extreme wesstern limit of the county, and bounded by the 
Atlantic Ocean. They are, for the m<»st part, situated in the parish 
of St. Just, and have long been celebrated from being perched on 
the sides of perpendicular cliffs, and from being excavated for long 
distances under the bod of the sea. The country inland is composed 
entirely of granite ; but nearly parallel witli the coast and coinciding 
with the metalliferous ground, this rock forms a junction with 
clay slate, largely and confusedly intermixed with foliated liorn- 
blendic rocks. The older workings, which arc of very remote date 
^ Mming and Smelting Mag,^ vol. v., 1864, p. 260. 
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were entirely confined to the granite, which is exclusively productive 
of tin ; but more recently the slates and their associated hornblendic 
rocks have also produced large quantities of copper ores. Some lodes 
are exclusively productive of tin ore in the granite and of copper 
ores in the slates ; Henwood states that at Botallack one of the 
lodes was found to pass three times from granite to slate, and 
in each case, to contain tin ore only in the former, and copper ores 
only in the latter rock. In this neighbourhood, the intersections of 
the different veins by one another are sometimes attended with 
complicated and somewhat obscure phenomena. In a few cases the 
heaves are regular, but tliey are generally far from being so, and 
not unfrequently a lode which has continued rich up to its contact 
with a cross-vein has never been discovered on the other side. As 
is the case in other localities, the lodes of St. Just are not productive 
throughout their whole extent, and when poor they are usually 
small ; poverty appearing to be often accompanied by a diminution 
of size. The containing rock, whicli is everywhere in this neigh- 
bourhood very hard, often becomes still harder when impover- 
ishment takes place. In all the veins of this part of Cornwall the 
shoots of ore dip from the granite, or if tl iey occur in that rock their 
direction is towards the slate. The direction of the lodes, and this 
general disposition of the ores, have had the effect of directing many 
of the workings towards the sea, and several of the mines are wrought 
to some extent beneath the bed of the Atlantic. At Little Bounds, 
Botallack, and Huel Cock the miners have been tempted to follow 
the ore upwards to the sea, but the openings made being fortunately 
small and the rock hard, a covering of w^ood and cement in the two 
former cases, and a plug of wood in the latter were sufficient to ex- 
clude the water and to secure the workings from inundation. The 
extent to which the excavations of some of the mines in the St. Just 
district have been prosecuted under the ocean, will be understood 
when it is stated that the diagonal shaft on the Crowns Lode at 
Botallack has a total length of 845 fathoms for the most part 
beneath the sea, passes through a very hard hornblendic rock at 
an inclination of from the horizon, and occupied four years in 
sinking. 

Botallack was worked as a tin mine, under a perpetual grant 
from the Boscawen family, from 1721 to 1735, when the sett was 
relinquished. Subsequently to this the mine was again opened, 
and in 1816 was the richest in the county. It was afterwards 
worked as a copper mine, but in 1844 was again about to be aban- 
doned; a rich copper lode was, however, discovered at this time. 
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and in the following year the undertaking had again become 
prosperous. 

The production of tin and copper ores at Botallack durino' 
thirty years, divided into decades, together with the value of the 
yield of each several ten years, is given below. 


Till OnL Copper Ores. 

Tons. £ Tons. £ 


Ten years to the end of 1861 

1,495 

112,331 

7,438 

85,984 

>> >1 1871 

4,020 

265,652 

3,116 

21,481 

,, „ 1881 

3,868 

190,704 

1,869 

10,752 


In tliese mines, as well as at Huel Edward and at Levant, the 
dashing of the waves against the cliffs, and the grating of the 
shingle on the bottom, can be heard even in moderate weather. 
The quantity of underground water throughout the neighbourhood 
is extremely small, and notwithstanding that it is s^miewhat salt 
in the workings extending beneath the sea, the amount is not 
perceptibly greater than in mines situated at some distance inland. 

The St. Ives mines, on the opposite side of the Land’s-End 
mass of granite, occiq)y a position somewhat analogous to those of 
St. Just. Tlie granite forms a similar junction with the clay slate 
or killas of St. Ives Bay, which is in the same way much intermixed 
with various hornbleiidic rocks. The lodes, which occur in both 
granite and slate, are in the former exclusively productive of tin ; 
while in the hitter, as well as in the hornblendic rocks, copper ores 
often predominate. Little or no copper is, howtwur, at present, 
raised in this neighbourliood, and its j^roduction of tin is much 
less important than formerly, since many of tlie most extensive 
mines, having ceased to yield remunerative returns, are no longer in 
active operation. The extreme length of this mining lield in a 
north-westerly direction skirting tlie granite, is about four miles, and 
its greatest width nearly three miles. It includes the larger pro- 
portion of the three parishes of St. Ives, Lelant, and Towednack, and 
possesses some marked peculiarities ; one of the most notable being 
the presence of carbonas or extensive impregnations of tin ore ex- 
tending from some of the lodes into the neighbouring granite. 
Large and rich masses of tin ore have also, from time to time, been 
met with surrounded on all sides by hard granite, and apparently 
unconnected with any lode or vein. 

The direction of the lodes is rather to the N. of E. and S. of 
W., while that of the cross-courses is within a few degrees of N. 
and S., having approximately the strike of the joints of the 
adjoining rock. The veins worked in granite usually produce tin 
ore, while those in slate, although, sometimes also yielding tin 
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more frequently afford copper ores. Tin has, however, always 
been the staple product of the mines in this neighbourhood. 

The most remarkable mine in the western division of Cornwall 
is, perhaps, St. Ives Consols, which is situated in granite, although 
at only a short distance from the junction of that rock with horn- 
blendic schists and quartz- diabase, which appear immediately to 
the east, where they overlie the granite as seen in some of the 



Fiu. 44. — Standard Lode and Carbonas, St. I\es Consols; after H. C. Salinon.i 


eastern shafts. It lies immediately west of the town, and the 
principal lode traverses the bottom of a valley through which flows 
the stream falling into the sea at St. Ives. The vein wdiich passes 
through the valley above referred to, is known as the Standard Lode, 
and is nearly vertical, its bearing being a little N. of E. and S. of W. 
The accompanying transverse section of this lode, Fig. 44, shows how 


^ Mining and Smelting Magazine^ vol. iii. p. 140. 



PAET II.] ENGLAND. 127 

slightly its course downwards varies from the perpendicular, as well 
as its connection with the various carbonas. 

The Standard Lode has been worked to a depth of 177 hithonis 
below the adit level, which is itself twenty fathoms from tlio 
surface, thus making the total depth of the mine nearly 200 
fathoms. In the lower levels tliis lode is hard and unproductive, so 
that but little has been done at that depth, and the workings in 
the bottom have been many years abandoned. The Standard has, 
in the aggregate, been a very productive lode, although it is 
nowhere large, and probably does not average more than four and 
a half feet in width, although varying considerably in this respect. 
It is chiefly composed of quartz, chlorite, decomposed granitic 
matter, and schorl ; the latter being plentiful where tin is abundant. 

The most striking feature of this mine is, however, the extra- 
ordinary deposits of tin ore which have been found south of the 
Standard Lode and to which the name of carbonas has becui 
locally given. Fig. 44 affords some idea of the way in which these 
carbonas branch off from the Standard Lode. One of them, called 
Lawry’s Carbona, shoots off at the 57-fathom level, dipping rapidly 
as it goes south, and forming stanniferous flats of various dimensions 
which have been worked by a series of irregular caverns, very 
unlike the openings resulting from ordinary mining operations. 
Another, uniting with the Great Carbona, goes off'attlio 77-fathom 
level; and at about forty fathoms south of the Standard, the level 
driven on the western cross-course intersects what is called Kemp’s 
Lode, bearing nearly north and south, which is itself app«arently jiart 
of a carbona. This so-called lode was driven upon for some 
distance until it came in contact with Noal’s Lode, and with flats 
and droppers coming down from Lawry’s Carbona at its junction 
with which the whole opened out into one of the iriost remarkable 
deposits of tin ore ever discovered in Cornwall. 

Many of the workings are in the form of enormous caverns 
from 60 to 75 feet in height and equally wide. The workings on 
the Great Carbona were destroyed many years ago by an accidental 
fire which consumed the supjiorting timbers, and after burning for 
more than six weeks, at the end of that time, left the whole in a 
state of utter ruin. All the carbonas occur south of the Standard 
Lode, and wherever they are productive they are characterized by 
the presence of large quantities of schorl. 

The workings on DanieFs Lode are remarkable for their immense 
width, which often reaches upwards of forty feet, although when 
unproductive it is barely traceable. This deposit although generally 



128 


ORE DEPOSITS. 


[PABT II. 


called a lode evidently belongs to a class of impregnations much 
resembling those known as carbonas. St. Ives Consols is now worked 
above tbe adit level only, and a large portion of its produce is 
obtained from the treatment of '‘halvans;”^ in 1881 it yielded 
52 tons 12 cwts. 2 qrs. 23 lbs. of concentrated tin ore (black tin) of 
the value of £2,755. 

The total production of the mines of the western division of 
Cornwall during the same year was, according to the statistics 
published by the Mining Record Office, as follows : — 



Weight. 


Value, 




Tons 

cwts. 

qrs. 

£ 

s. 

d. 

Black Tin 

1,302 

8 

2 

73,395 

19 

8 

Copper Ore 

1,190 

1 

0 

8,127 

13 

0 

Totals 

, 2,552 

~~9~ 


81,523 

13 

5 


Wesi Central VirtHion . — This extends over a much larger area 
than the western division, and comprehends a great proportion of 
the most important mines in the county. 

Those near Marazion are situated in a basin of kilJas stretching 
from that town eastward along the coast of MoTint/s Bay for a 
distance of upwards of four miles to the mass of granite culminating 
at Tregoning Hill. Its width from the sea inland is about three 
miles, comprising the parislies of St. Hilary and Ferrari zabuloe, 
with parts of Breage and Germoo. The mines distributed over 
this district have, in the aggregate, yielded large quantities of 
copper and tin, but principally the former, whicli appears to 
generally occur in the vicinity of elvan courses ; the district has not, 
however, been characterized by any very deep or permanent mines. 

The mines of the Breage and Sitliney district occupy a killas 
basin lying between the granite of the Tregoning and Godolphin 
Hills and the larger granitic mass of the Wendron range. It is very 
restricted in length, since it skirts the snialler mass of granite from 
north to south without extending any considerable distance east- 
ward. It includes the larger portions of the parishes of Breage 
and Germoe with a part of Sithney, and is almost exclusively a 
tin-producing area, having yielded some of the richest and deepest 
deposits of tin ore which have been found in Cornwall. Although 
this district consists principally of killas, its granite has also 
yielded tin. 

In the parishes of Gwinear, Crowan, Phillack, and St. Erth are 

' Refuse ore tlirowu asiile as not being, at the time, sufficiently rich to pay the 
expenses of treatment. 
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various copper mines which are usually productive in the neighbour- 
hood of elvan courses. The country rock is generally slate, varying 
ill colour from blue to pale buff, but sometimes made up of alternate 
blue and white laminoB. At Relistian the slate contains numerous 
spheroidal concretions, some of which are apparently composed of 
slaty material, while others are entirely quartzose. In the neigh- 
bouring mine of ilerland, at a depth of about 110 fathoms, numerous 
modular masses of granite have been found enclosed in the killas. 
These, which vary from half an inch to three feet in diameter, are 
composed of a fine-grained granite, the felspar of which is mucli. 
decomposed. They are entirely surrounded by clay slate, and have 
no apparent connection with one another. Elvan courses and dykes 
of “greenstone” are numerous in this ncuglibourliood, and the 
elvan often contains a large quantity of schorl. It is sometimes 
stanniferous, and has in a few localities been worked for the tin it 
contains. At Parbola the elvan is everywhere traversed by minute 
strings of tin ore. A striking characteristic of the lodes in this 
])art of Cornwall, which is very unusual in other j)a>rts of tlie 
county, is that they, as well as the contiguous rocks, contain large 
quantities of tlie globular concretions alroaxly noticed. (k>pper 
pyrites and co 2 >p(‘r glance are the most abundant minerals, but tin 
ore is, to some extent, found in a large number of the mines. 

The mining districts of Wendroii, Oamborue, lliHlruth, and 
Cwennap are in connection with the great granite range of C.^arn 
Menelez and the two smaller associated masses of Cam Brea and 
Cam Martli. Tire Weudroii mines arc situated in tlicj granite of 
the Cam Menelez range, and are i^rincipally in the parish (rf 
Wendron, altliongb tliey also extend into the i):u‘ishes of Sithnt‘.y, 
Ci'owaii, and Constantine. This is a wild moorland district, and 
although producing considerable quantititis of tin ore it does not 
possess any very characteristic mining features. 

Some of the iiiinos of the Camborne district are at tlic prescuit 
time the richest in Cornwall, and are comprised within those 
portions of the parishes of Camborne and I Hogan bounded on the 
east by the valley which divides Illogan from llediuth ; on the 
south by a line passing thnmgh tlie ridges of Cam Brea, (^larnarthcn 
Cam, and Camborne Beacon ; on the west by a line drawn 1‘rom 
Camborne Beacon to about half a mile north of Camborne Chiircli ; 
and on the north by the highway from Camborne to lledrutii. Tlie 
prevailing rock is granite, which rises on the south into an elevated 
range of hills, whose northern slope is coveied by killas traversed 
by various elvans, lodes, and cross- courses. Tlic mines of this 

K 
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neighbourhood are the deepest in Cornwall, and are remarkable for 
being at great depths as lieh for tin as they were formerly for 
copper in the shallower levels. 

The following table, giving the annual production of copper and 
tin ores at Dolcoath Mine from 1849 to 1881 inclusive, indicates the 
very gradual way in which this undertaking has become transformed 
from a copper mine to one producing tin, ores only. The shallower 
levels of this mine were driven exclusively in killas, while the 
deeper workings are entirely in granite. In killas the lodes pro- 
duced large quantities of cop]>er ore, but upon entering the granite 
this ore became rapidly replaced by cassiterite. At the present 
time Dolcoath is the deepest mine in Cornwall, the engine shaft 
having reached a depth of 400 fathoms. 


Ycur, 


OKK. 


Tits 

Our:. 

Tons, 

Va’uo. 

Produce. 

Tons. 

Value. 

I8r,0 

1,115 

C 

4,909 

6 A 


£ 

isrn 

801 

3,260 

6’ 





1852 

832 

3,344 

n ' 


— 

18->.‘i 

1,040 

4,920 

.5 

360 

22,680 

185-1 

992 

4,313 

n 

363 

25,261 

1855 

711 

2,634 

4 

352 

23,169 

185(1 

617 

1,998 

3i 

416 

30, 727 

1857 

5ti(> 

2,430 

4^. 

.544 

42,880 

1 858 

5<)8 

3,085 

6 i*c 

635 

41,859 

1851( 

757 

3,531 

5i 

7*24 

53,506 

18()U 

712 

2, 426 

4 

805 

64,974 

18(11 

417 

1,580 

4<. 

864 

63,862 

18(>'.s 

5(18 

2,357 

55 

986 

66,220 

18()3 

63(5 

3,029 

61 

1,026 

69,741 

181)4 

621 

! 3.280 

01 i 

1,030 

66,959 

18t)5 

607 

3,510 ! 

7i{ 

944 

53,238 

1806 

688 

3,512 

71 

9J9 

46,120 

1867 

267 

1,068 

51 

848 

46,169 

1868 

153 

863 ‘ 

8l 

984 

55,847 

1869 

153 

6 48 

65 

813 

59,694 

1870 

57 1 

221 1 


1,034 

78,601 

1871 

86 

326 

6V 

1,070 

95,373 

1872 

50 

234 

— 

1,269 

113,114 

1873 

15 

72 

— 

J,045 

82,501 

1874 

73 

410 

— 

1,121 

65,558 

1875 

— 

— 

— 

1,241 

05,34 6 

1876 

41 

1 63 

— 

1,263 

55,825 

1877 

30 

112 

— 

1,4()4 

59,180 

1878 

14 

28 

— 

1,539 

55,902 

1879 

— 1 

— 

— 

1,780 

71,216 

1880 

— 

— 

, — 

1,736 

I 93,702 

1881 

— 

— 

— 

1,816 

102,039 

1 
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PllODUCTlON FROM 1852 TO 1881. 


Nine years ending 18<>1 . 

Copper Ore. 

Tnlih £ 

Tin Ore. 

Tons. £ 

6,4m 

26,026 

5,063 

368,018 

Ten ,, .1871 . 

3,776 

18,S2() 

0,654 

637,062 

„ » 1881 . 

223 

1,010 

34,214 

764,383 


During thirty years, nanuOy, from 1851 to 1881, East Pool 
Mine, near Camborne, produced ores of tJie Ibllovving wcdglits and 
values : — 

Correr Oir Tin Oro. 



Tolls. 

£ 

T.*ry. 

£ 

Ten years to end of 1861 . 

20 , 2(18 

100.417 

416 

2.5,805 

„ „ 1871 . 

22, 114 

72,333 

2,174 

120,061 

„ „ 1881 . 

18,603 

r)r.,o:,i 

6,161 

283,806 


Among the most remarkable plienomena ('xhibibnl in tin's part 
of (/ornwall arc the altejaiations and mixtures of granite; and 
slate which occur near the lino of junction of the two ro(;ks in 
the mines of Cook’s Kitchen, Tiucroft, Dolcoath, and Cam Drc;a.. 
In the; southern ])art of (Jook’s Kitchen a friable, coarse-grained 
granite appears at the surface and continues downwards to a depth 
of about thirteen fathoms, wIktc it is su(*ceedod by a bcsl ol' slate; 
which reaches a depth of thirty-nine fathoms. The u[)])er portion 
of this mass of slate is of a deep blue colour, and has a, distinctly 
crystalline structiu'e, showing, somewhat obscurely, evid(!n(*(;s of 
foliation. Lower down it l)(;comcs gradually more micaceous, 
and shows well-defined planes of cleavage*. Veins of granite 
penetrate both the u])])er and lower surfaces of the slate. Jlelow 
this there is a bed of hue-grained graniti; ten fathoms in thick- 
ness, containing a large amount of scliorl, henealh which masses 
of granite and of slate alternate in a very irregular way. Tlui 
transitions from one to the other are sometimes gradual, while 
at others they are very abrupt, and in nearly all cases the slates are 
traversed by veins of gimiite. 

At Tincroft the granite goes down to a d(;j>ih of tw(‘nty-six 
fathoms from the surface, at which point tlic slate mak(;s its 
appearance, and continues without iiiterruj)tion to a dej)lh of 
eighty-four fathoms, where at hmgth the main body of the granite 
api)ears. 

At Dolcoath a large mass of liard slaty rock has recently (1882) 
been mot with in the 1152-fathom level, (.;ast of the new eastern 
shaft, at a total depth of 880 fathoms from the surface. This slate 
is included in the granite 240 fathoms behjw the point wIkuc that 
rock was first cut into by the workings, and 810 fathoms below the 

K 2 
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sea level. This enclosure closely resembles the ordinary killas of 
the district, and on comparing thin sections of the two, as seen 
under the microscope, their identity becomes at once apparent. 

The Eedruth and Gwennap district immediately adjoins, on the 
east, that of Camborne, so that an arbitrary line only can be drawn 
between them. The district includes the parishes of Redruth 
and Gwennap, with parts of Kenwyn, Kea, and St. Agnes. It is 
essentially a copper-bearing neighbourhood, and formerly produced 
very large quantities of that metal, but for many years its pro- 
ductiveness has gradually fallen off, and many of its once rich 
copper mines may now be regarded as exhausted. The Great 
Consolidated Mines of Gwennap in the course of twenty-one years 
(1819 — 1840) sold ores to the value of £2,254,485, of which 
£480,156 was divided as profit. Some important mines were 
formerly worked along the north coast of the county in the parish 
of St Agnes, and in the western portion of Perranzabuloe. They 
have been largely productive of tin and copper, the ores of both 
metals appearing to be most frequently met with in the vicinity 
of clvans. 

The Great County Adit of Cornw^all empties itself into the 
Caruon stream, which falls into Restronguet Creek, and extends to 
many of the mines in the vicinity of Redruth. Its greatest depth 
from the surface is seventy fathoms, its total length, including 
branches, thirty miles, and the level of its mouth above high water 
thirty-nine feet. It is at present of comparatively little importance, 
as many of the 2 )riiicipal mines in connection with it are worked 
out and abandoned. Many years ago it drained an area of 5,550 
acres, and discharged on an average 1,450 cubic feet of water per 
minute. A little copper is sometimes obtained from the waters of 
this adit by preci[)itation by scrap-iron. 

Numerous lead veins, running in almost every direction, occur 
in a district lying north of Tiairo and comprising a large portion of 
the parishes of Perranzabuloe, Newlyn, Cubert and Crantock. This 
region has produced one or two rich lead mines, and several 
moderately productive ones. For a long time East Iluel Rose was 
the most productive lead mine of this district, but eventually it 
was submerged by an accidental influx of surface water during a 
flood. It subsequently remained unworked for many years, but 
has quite recently been again set in operation. Its production 
from 1844 to the end of 1861 was as follows : — 
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Tear. 

Lead Ore. 

Lead. 

Silver. 


Tons. 

Tons. 

Oz. 

1845 

7,888 ' 

4,729 


1846 

6,191 

8,114 


1847 

6,424 

3,854 


1848 

5,333 

3,191 


1849 

4,759 

2,856 


185!) 

4,206 

2, .524 


1851 

3,193 

2,234 


1852 

2,381 

1,607 

48,000 

1853 

1,357 

; 925 

27,499 

1854 

1,215 

' 828 

24,629 

1855 

2,343 

1,510 

46,760 

1856 

2,691 

1,776 

53,280 

1857 

1,199 

791 

23,739 

1858 

726 

416 

10,400 

1859 

72S 

386 1 

13,090 

1860 

607 

322 

10,948 

1861 

147 

66 

2,376 


This mine sold copper ore in the following years : — 


Tons, £ 

1850 (57 Value 734 

1851 03 „ 780 


West Chiverton was another important mine in this noiglibour- 
hood, and commenced selling lead ores in 1850 ; the following were 
its most productive years : — 


Ycnr. 

Ore. 

Le:wl. 

Silver. 


Tons. 

Tons. 

Oz. 

1806 

3,166 

1,970 

66,950 

1867 

4,082 

3,061 

130,624 

1868 

4,516 

3,387 

144,512 

1869 

4,707 

3,529 

150,504 

1870 

4,777 

3,582 

16], 190 


In 1881 its production only amounted to 177 tons 3 cwts. of 
lead ore, containing 1,747 oz. silver, and having an aggregate value 
of £2,120. 

In this section of the county there arc also lead veins at Swan- 
pool and Pennance, near Falmouth, and others near Porthleven, 
south-west of Helston. 

Park of Mines is situated three miles south of St. Colurnh 
on the west side of the road leading from that town to Truro, and 
has at various times yielded a considerable amount of tin ore from 
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deposits of a somewhat unusual character.^ The enclosing rock is 
killas, which may here be defined as a grey, buff, or white indurated 
schist, dipping at an inclination varying from 30° to 80° in a general 
northerly direction. The north-western corner of the great granite 
range which lies to the north of St. Austell extends to witliin 
three-quarters of a mile of this mine. Numerous small veins» 
generally dipping east, traverse the killas from north to south, and 



Fk}. 43.— Jlorizoutal section, Park of Mines. 


usually vary in width from the thickness of a common tahlo-knifo 
to a quarter of an incli. These are mainly com])ose(l of quartz, but 
the killas for a distance of from half an inch to two inches on each 
side has been blackened and hardened by an impregnation of 
schorl. 

The tinstone of the Park of Mines lias apparently ho'en derived 
from lateral offshoots of the north and south veins, as in the 



proximity of these strings lenticular masses of tin ore occur 
interposed between the bedding planes of the killas. 

Tlic mode of occurrence of the tinstone at Park of Mines will be 
best understood by referring to the above diagrams. Fig. 45 
represents, in horizontal section, a north and south vein, a h, as 
seen at the twenty-fathom level, -with layers of tinstone which 
rarely extend for a distance of more than six feet on each side of it. 
Fig. 46 is a vertical section on the line c d, showing the beds of 
' C. Le Nore Foster, Miners As-iocUdlon of Cormcall and Devon, 1875, p. 22. 
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killas dipping north at an angle of 70°, with interposed lenticular 
masses of tin ore. The stanniferous zone in this particular case 
extends about seven fathoms from north to south, and ten fathoms 
along the line of dip. The lenticules of tin ore do not usually 
exceed two inches in thickness at their widest part ; the whole mass 
of killas and tinstone being consequently worked away together 
and sent to the surface to be stamped and dressed. Occasionally 
the thickness of tinstone reaches nearly a foot, the only minerals 
associated with it being schorl, quartz, and kaolin. The killas near 
the boundary of the stanniferous layers is usually stained by oxide 
of iron, and consequently red killas is regarded by the miners as a 
favourable indication of their near approach to a deposit of tinstone. 
The workings of this mine, which extend over an area of about an 
acre only, have been prosecuted to a depth of about forty-five 
fathoms. In 1874 the Park of Mines yielded 231 tons of black tin. 

The production of ores from mines in the West Central Division 
of Cornwall was during the year 1S81 ns follows : — 




W 



p Valno, 




Tons 

ewis. 

qrs. 

£ 


rL 

Black ( 

in 

0,088 

JO 

0 

504,376 

3 

n 

Copper 

ore 

11,243 

13 

0 

39,288 

1 

5 

Lead 

jj 

297 

0 

1 

3,208 

10 

0 

Zinc 

)> 

7,792 

17 

3 

23,505 

2 

0 

Silver 

}) 

1 

12 

2 

175 

0 

0 

Iron 

j} 

:5,257 

0 

0 

1,809 

10 

0 

Iron py 

rites 

957 

3 

0 

407 

3 

0 

Wolfram 

49 

5 

0 

495 

8 

0 

Totals 

• • t 

92.0X7 

7 ’ 

•> 

573,504 

18 

10 


Ead Central The St. Austell mining district com- 

prehends the whole of the St. Stephens and Hensbarrow range 
of granite, together with a band of killas surrounding it on all sides, 
averaging in width about three miles. On thci south this district is 
bouncled by tlic sea, extending from the Black Head to Tywardreath, 
on the west to St. Denis, on the north nearly to Bodmin, and 
on the enst to Lostwitliiel. It comprises parts of the parishes 
of St. Ewe, St. Mewan, St. Austell, St. Blazey, Tywardreath, 
Lanlivery, Lanivet, Luxulyan, Boche, St. Denis, and St. Stephens. 
The mass of granite, whi(ih is here very large, exhibits 
the same characteristics as those of the western districts, and 
frequently contains much schorl. This neighbourhood supplies 
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nearly the whole of the china clay and china stone sent from 
Cornwall to the Potteries, or which is exported to other countries. 
This district was formerly very productive for both tin and 
copper, but at the present time all the principal copper mines have 
been suspended, and Huel Eliza, a mile and a half east of St. Austell » 
is now the only rich tin mine working in this part of the county. 
Small quantities of tin are, however, still annually obtained from 
the granite in what is known as the St. Austell-Moor district. 
The once celebrated tin mines of Polgooth and Hewas were worke<l 
in the belt of killas a little south-west of the town of St. 
Austell, while in the same rock, to the cast, were the tin mines of 
Bucklers and the copper mines of Pembroke, E ist Crinnis, M(nint, 
and Fowey Consols, all of which liave long since ceased working 
upon an extensive scale. The well-known tin mine of Beam, 
situated in the granite, is no longer in operation, and tlie 
great open cutting at Carclaze is worked chiefly for china 
clay. 

The granite throughout this district is traversed by innumer- 
able schorlaceous veins, which, although generally very small, 
almost invariably contain a certain proportion of tin oxide. The 
tin ore is, however, seldom confined exclusively to sucli veins, but 
is generally disseminated throughout the substance of the contigu- 
ous rock, into which, although the line of separation is usually 
distinguishable, the veins fref{ncntly pass by imperceptible grada- 
tions. The killas of this district is fine-grained, with a silky lustre, 
and schistose structure. Its colour is usually blue, vaiying con- 
siderably in intensit}^, while its prevailing dip is towards the 
south-east. In many places it abounds with beds and veins of white 
quartz. Dykes and irregular patches of an altered dolcritic rock, 
now represented by various greenstones, penetrate the slates of 
many parts of this district. Elvan occurs in the sea-clilf at Polruddan 
and extends through Hewas Mine to beyond Tolgarrick, in the 
parish of St. Stephens, j\t Stennagwyn, in that- parisli, tliere is a 
remarkable impregnation of the granite with tin ore, of which a 
portion is in the form of tin sulphide or siannitc. A small quantity 
of black tin has on various occasions been obtained from this 
locality, but the whole of the stannite is lost during the operation 
of dressing. 

The direction of the lodes in this neighbourhood is usually a 
few degrees S. of W., but there are others wdiich bear nearly S.E. 
and N.W., thus closely approximating to the direction of the 
counter lodes in the western parts of Cornwall. There are but few 
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cross-courses or cross-flucaus in the district; but at Polgooth a 
flucan heaves the lodes and elvan a distance of thirty fathoms, and 
in the same mine the St. Martins and Screeds Lodes both appear 
to be displaced by an elvan course, a phenomenon which is believed 
to be without parallel in the mines of the county. 

At Restormel, near Lostwithiel, there is a large iron lode bearing 
about 15° W. of N., and dipping E. 75°. It varies from two to four 
fathoms in width, and is generally divided into two branches by a 
band of slate. Workings have been extended on the course of tliis 
lode for a distance of nearly twm miles, but their depth is generally 
inconsiderable. The chief produce of this vein is haematite, with a 
little black oxide of manganese, while gdtliite, associated with 
quartz, occurs as crystals lining numerous druses disseminated 
throughout the veinstone. The shoots of ore met wdtli in the 
neighbourhood of St. Austell usually dip from the granite. 

Fifty years ago among the most prosperous and well-managed 
copper mines in the killas of this district w^ere those of Fowey 
Consols, situated in the parish of Tywardreath. The lodes in this 
locality arc much contorted in length and depth, and are remark- 
able for the number of junctions they make with one another in 
their downward course. Tlie enclosing killas, which is of a pale 
blue colour, alternates with bands of felsite, while the veinstone is 
principally composed of milk-white quartz, often enclosing angular 
fragments of the country rock. Iron pyrit(\s and spathose iron ore 
are frequent constituents of those lodes ; the otlier minerals ])rosent 
being various ores of copper, with hismutliine, the latter occurring 
in larger quantities in this mine than in any other locality in 
Cyornwall. The extent of these mines is very considerable, sinc(j 
some of the lodes are believed to run througli the sett for a 
distance of above a mile. From August 1815 to the end of the 
year 1841, these mines returned 234,486 tons of co])per ore, which 
sold for £1,442,683, and out of this amount the pn^fit paid to the 
shareholders was £179,995, leaving a large reserve fund not divided. 
The estimated value of plant and machinery w\as, in the latter 
year, about £55,000, but shortly after this date the annual produce 
gradually fell off, and the mines were finally abandoned in 1868. 
The year of their greatest production was 1838, when they 
yielded 15,254 tons of copper ore, produce 9{f, value £85,434. 

This region once afforded a larger supply of stream tin than 
any other part of the county ; but the more extensive stream -works, 
such as the Happy Union at Pentewan, Huel Virgin in the 
St. Austell Valley, and those in the vicinity of the Jamaica Inn, 



ORE DEPOSITvS. 


138 


[part ir. 


being all exhausted, a comparatively small quantity of this class of 
tinstone is now obtained from the district. 

The tin streams (jf Cornwall have been long known to afford 
occasional specimens of gold, but not in sufficient quantities to 
make its collection a matter of any importance.^ 

Various lodes yielding small (juantitios of lead and copper ores 
have, from time to time, been, to some extent, explored in the tract 
of country extending along the north coast from St. Columb to 
beyond Camelford ; but although small bunches of ore have 
occasionally been found, no adequate results have yet been obtained 
for the money expended. 

The total ]H*oduction of the mines of the East Central Division 
of Cornwall during the year 1881 was, according to published 
statistics, as follows : — 


Black till 
Copper on^ 
Silv(‘r „ 

1 ron „ 

Totals 


AVcialit. 
Tons cwts, (jrs, 

():>8 1 5 3 

134 8 0 

4 () 1 

4,203 0 0 

r),() 00”]0 0 


Yaluo. 

£ cl 

38,r)6() IG 0 
581 7 3 
183 7 0 
2,572 1 0 

41, 07) 3 11 ’ 3 


EiiAievii Division . — The mines of the (Jaradon district are chiefly 
included in the parishes of St. Cleer and Linkinhorue, and are 
situated in a granitic area forming, for the most ])art, the southern 
border of the Bodmin-Moor mass of granite, but including also its 
southern and south-eastern junction with the killas. This formation 
is here much intermixed with hovnblendic rocks, while both it and 
the granite are occasionally traversed by courses of elvan. in 
addition to the slaty rock thus skirting tlu' granite, a tract of 
slate nearly a mile in length a.nd having somewhat less than half 
that width, a little to the south-east of the Cheesowring, is repre- 
sented as being completely surroiindid by granite. That this 
comparatively small jialuh of killas is, to a very large extent, 
encircled by granih', appears to be certain ; but that it is completely 
^severed from the great body of sedimentary rocks lying to the east 
has never been conclusively proved. Within the boundaries assigned 
to this area of killas the lianging Avail of the Phoonix Lode, to a 
depth of thirty-five fathoms from the surface, consists of slate, while 

* In Ids Suriry of Cormcall 1002, Ilicliard Oarew says, Tyuntrs doe also find 
little hoppos of Gold amongst tlieir Owre. which they keepe in qiiils, and sell to 
the Goldsmithes oftentimes willi little better gaine than Glaucus exchange.” — Hook 
i. p. 7. 
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the foot wall is wholly of granite ; but at all gi*cater depths both 
walls are composed of granite. The shallower parts of various otlier 
lodes in this immediate neighbourhood are also bounded by slate 
on their soutli side and by granite on the north ; the same is the 
case at Sharp Tor, north of Phoenix. At Marke Valley, three 
quarters of a mile to the south-east, the lode, which dii>s towards 
the north, has slate as its hanging wall to a depth of thirty-six 
fathoms, while the foot wall is of granite ; but at all greater depths 
the walls on both sides are of granite. The slate wliicdi forms the 
hanging wall of the Phoenix Lode, to a (lt*pth of thirty-six ffitlioms, 
is very (juartzosc, but contains flakes of mica,, with a few fragments 
of felsi)ar, and occasional needles of schorl. .Its colour is pink, buff, 
or light grey, but it is sometimes nn^ttled with s})ots of crimson or 
of brick red; it is often coarse-graine.d, and is occasionally much 
contorted. 

The outcrops of the lodes on tlui southern slope of the granitic 
range at West Caradon and South (yhradon, consist of soft ]>ale- 
browu or reddish-brown gossan, with friable quartz, docompos(‘d 
granite, chlorite, and a little iluor spar. Where the structure is 
cellular, nests of clay, black oxide of copjx'r, and malachite ofUm 
0(i(*iir, as W(dl as small patches of iron pyrites, mispickel, and 
various ores of copper, together with cuprite, and small phites and 
ramifications of native met.al. In the det'per portions of the sa,me 
veins, quartz, felspar, and chloiih*, with o<x*asionai masses of gra,nite, 
are still the chief constituents ; but brown iron ore, although some- 
times present in small quantities, is Jess plentiful, while fluor spap 
becomes more abundant. At the same time tluj copper ghuice, 
cuprite, malachite, and bla<*k oxide of copper gradually (lisa]kpear 
in depth, while the (piantilh^s of fluor spar and co])per })yiitos 
increase. These lodc‘S contain no appreciable amount of tin or(^ 
At Stowes, Pliceiiix, Soutli Phumix, Dunsley Phamix, and Marke 
Valley, the lodes have, besides ores of copper, a.fforded tin ore, 
but contain no fluor spar; those of the Caradon Mines, on the 
contrary, have yielded large quantities of copj)er ore, and contain 
much fluor spar, but give little or no tin. 

Several of the principal lodes in this district afford abundant 
evidence of tlie original fissure having again opened, subsequently 
to its becoming more or less completely filled with vari(nis 
crystalline minerals. The great lode at the Plimnix Mines may bo 
cited as an example of a vein of which the constituents were 
deposited during two perfectly distinct periods. The first forma- 
tion was stannifiirous, and was attended with the production of 
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capels ; the second mainly consisted of quartz, associated with 
various ores of iron and copper. 

One of the lodes at South Caradon has in the same way 
resulted from a kind of double deposition. In this case the first 
formation is rich in copper ores, while the second is composed 
chiefly of drusy quartz, with fluor spar and iron pyrites. 

Three of the principal mines in the Caradon district yielded 
copper ores to the following amounts and values, during the several 
periods stated in the following table : — 


Sou til Caradon- 

-ton yeaTR to 

y * 

Olid of lv861 

Totir. 

41,790 

£ 

429, .5.51 


„ l«7l 

60,794 

491,782 


y y 

„ 1881 

57,389 

861,413 

Wf‘st. (^iradon 

y y 

„ 3 361 

39,464 

312,684 


y y 

,, 1871 

13,341 

79,988 


y y 

„ 1881 

1,663 

5,936 

Enst Caradon 

y y 

„ 1871 

39,091 

194,926 

i* 

y y 

„ 1881 

10,425 

53,494 


During the year 1881 these mines made the following returns 
respectively ; — 


tons cwtp. £ 5 ff. Prodncie. 

South Oaradoii 5,185 a 27, em 3 2 iq 

Caradon 227 3 804 14 6 64 

East Caradon IKS 19 533 16 8 7i 


The lead veins of the neighbourhood of Liskeard are situated in 
the parishes of Lanreath and St. Pinnock, three and half miles S.W. 
of the town, and seven miles from the Caradon granite ; and in the 
parish of Menheniot, about one and half mile S.E. of Liskeard. The 
latter district extending from Butterdon, near the Callington turn- 
pike to within half a mile of Menheniot Church. The Lanreath 
and St. Pinnock district is a very small one, being scarcely a mile 
long, by one eighth of a mile in width. Its only important mine 
now in operation is Herodsfoot, which was the first mining work 
undertaken in the neighbourhood of Liskeard. The Menheniot 
lead district is about a mile and a half in length and half a mile 
in width; its principal mines being Huel Mary Ann and Huel 
Trelawny. 

The Lanreath and St. Pinnock Mines lie a little west of the 
imaginary boundary line, and, therefore, belong, strictly speaking, to 
the East Central Division of the county ; as, however, this district 
adjoins that of Menheniot and resembles it in many respects, it 
will be more convenient to describe them together. 

The rocks of both these districts chiefly consist of slates, 
sometimes enclosing Devonian fossils, and near the surface are 
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generally brown, drab, or dun-coloured, but at greater depths have 
a silky lustre and assume a deep blue or blackish hue. 

At various depths in the mines of Huel Trelawny and Huel 
Mary Ann the ordinary killas has, lying between its planes of 
bedding, conformable sheets of felspathic and hornblendic rocks, 
which are locally known as elvans; and are usually massive, 
but sometimes exhibit a schistose structure. Between these and 
tlie slate there is sometimes a gradual chauge, but more com- 
monly the transition from one to the other is distinct and im- 
mediate. The felspathic and hornblendic rocks of this neighbour- 
hood occasionally contain spheroidal bodies made up of many 
concentric layers. This structure is not, however, entirely con- 
fined to the hornblendic and felspathic rocks, since Hen wood statcjs 
that at Huel Trelawny a concretion of this kind, consisting of five 
distinct layers of (|uartz and galena, was found in a siliceous slaty 
matrix at a depth of 55 fathoms from the surface. 

In neither of these districts has more than one lu'oductive lode 
been discovered. That upon which the Menheniot mines have been 
opened takes somewhat diffeixuit directions in various parts of 
its course, its bearing in Huel Trelawny being 5° W. of N. and E. 
of S., while in Huel Alary Ann its course is fiom IV to 8° E. of N. 
and W. of S. In the Lanreath district the lode at Herodsfoot 
bears from 8"’ to 12° W. of N. and E. of S. 

The lodes of this region maintain an average dip of 71)"', their 
inclination being to tlie east; in thickness th(‘y vary from six inches 
to four feet, the average width being probably about two feet. The 
chief constituent of the lodes in both districts is cpiartz, which, 
near the surface, is often granular, and is niix(;d with ferruginous 
gossan, but at greater depths is generally massive and milk-white 
in colour. In the Alenheniot Lode chalcedonic silica is sometimes 
associated with vitreous (piartz and chalybite, while calcite occurs 
in the deeper levels. At Herodsfoot pearl s])ar is found in the joints 
and crevices both of the lode and of the country rock. Iron 
pyrites, which is usually more or less argentiferous, is a common 
constituent of both lodes, while small quantities of chalcopyrite 
and blende occur most frecpiently in the more (juartzose portions 
of the veins. In addition to these minerals the lode at Herodsfoot 
contains bournonite and sulphide of antimony. Carbonate and 
phosphate of lead occur near the surface, but lower down these 
minerals are entirely replaced by galena. In the Menheniot Lode 
the ore is often associated with quartz and fluor spar; while at 
Herodsfoot, on the other hand, a granule r quartzosc veinst<me, 
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including ninul)erlc.ss spots and patches of galena, is traversed by 
strings and ribs of that ore. In thi.s, as in all other lead districts, 
the ores obtained from different lodes, and even from different parts 
of the same lode, are iiriei^ually argentiferous. The ore sold at 
Huel Trelawny from 1<S51 to 1809 afforded on aix average ‘00124(3 
its weight of silver, wldcli is ecpiivalent to 40 oz. 13 dwt. 9 gr. 
per ton of 2,240 lbs. 

At Huel Mary Ann the ore returned from LS51 to 1809 
yielded on an average ’001435 of silver, equal to 46 oz. 17 dwt. 
J 2 gr. ])er ton. Jii both mines there was a gradual increase in 
the ])roportion of silver from the shallower to tlie deeper levels, 
lined Mary Ann and Hu(d Trelawny suspended operations in 1876. 

The lead ore extra(‘,ted from the northern and southern mines 
at llcrodsfoot from 1851 to 1867 afforded on an average ’000814 
of silver, e(|uivalent to 26 oz. 11 dwt. 16 gr. per ton. The 
lead ores raised tliroughout Cornwall in 1855 contained on an 
average about 23 oz. of silver per ton. 

Tiie lod(‘s of this district frequently enclose thin lamirne of slate, 
which usually assume the direction and di]) of the enclosing veins. 
These fragments are often sharply defined jind (piite unaltered, but 
ilicy are sometimes permeated by siliceous and calcareous matter, or 
ai’e })encitrated by strings and branches ol‘ vtdnstone. The leaders or 
metalliferous portions of the veins are sometimes separated from 
tJjc* country ruck by a band of Im'ccia, consisting of angular masses 
of slate sometimes enveloped in as many as six accretions of chal- 
cedonic epiartz. These enclosed fragments are often exceedingly 
small, and scddoin excc^ed three inches in diameter; they have 
frequently to some extent become replaced by quartz ; and thin 
branclu'S of this mineral, containing either galena or iron pyrites, 
often intersect or interlie the lainiiue. Cavities studded with 
botry<.)idal concretions of agate-like silica encrusted with crystals 
of quartz and sprinkled over with calcite and clialybite, occur in 
all parts of the sili(^eous cement.^ 

Towards the southern portion of Huel Mary Ann and through- 
out the adjoining mine of South Huel Trelawny as well as between 
the old and new mines at Herodsfoot, the lodes are represented by 
bunches and disconnected strings of veinstone, occasionally con- 
taining a few spots and bunches of ore. These usually follow 


^ Fig. 30., p. 47, shows the mode of occurrence of brecciated veinstone at Huel 
Mary while Fig. 27, p. 44, represents a quartzose concretion from Ilindgciet 
of tlic same charaetd’ as tliose which are found in the cementing material of the 
Meiiheiiiut lodes. 
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a joint inainiainiug the normal direction of the lode, but seldom 
affect parallel portions of neighbouring joints. Wherever the 
lodes are thus broken up and disturbed the country rock is dis- 
ordered and traversed by numerous liucaiis of slaty clay. 

The •workings at Herodsfoot were extendoil, at different depths, 
for distances varying from thirty to forty-ffve fathoms through this 
disordered ground, before the lode, whicii had dwindled in the old 
mine, was again found in the new. At Huel Mary Ann and South 
Huel Trelawny still greater distances wore laitl open without success. 
The water of these mines contains large (prantities of sulpliate 
of calcium. 

The Menheuiot lead lode is intersected by two ffucans, the most 
noi'therly of these, in Huel Trelawny, bears 10° S. of E. and dips 
S. about 55°; the more southerly, in Huel Mary Ann, bc'ars about 
S.E. and N.W., with a dip N.E. varying from about 40° to 50°. 
The lode lias coiise(|U(intly the tlireidion of the unproductive cross- 
courses of other districts, while the ffucans have the. same bearing 
as the lodes of tin and C()pjK‘r. 

A(‘xording to llenwood tlie 2>rerits made from 1844 to I8G0 
were as follows : — 


Huel '.rrelawny .... X5G,0I4 

Huel Mary Ann .... 05,585 

Herodsfoot 40,848 

Toiai . X 17:^,847 


At Huel Ludc.ott, in the ])arish of St. Ivo, about a, mih^. ai\d a 
half N.N.E. of Huel Trelawny, the countiy rock is a glossy dark- 
blue killas^ with 2 )lan()S of cl(njvag(‘ ranging nearly N.E. and S.W. 
and dipping from 15° to 2(J° S.E. Two nearly ])arallel lod(‘S 
running about N. and S., and di])ping from 80° to 8G° E., have 
been worked, one to a d(‘pth of 80 and the other to that of 
loO fatlioms. The shallower i)arts of both veins consisted of 
granular (puirtz, gossan, and slaty clay, with, occasionally, a litthi 
iron i)yrites, chalcopyrite, blende, and galena. At more considerable 
depths the quartz became less crystalline, and calcitc made its 
apj)earance. In sonm 2 )la(*es both tliese lodes, wliich vary from 
tw'o to three feet in widtli, -were rich in galena, whicli, on one 
side of the north cross-course, contained nearly twice as large a 
proportion of silver as on the other. Three cross-veins, all bear- 
ing E. and W., dijqnng S., and varying from one loot to eighteen 
feet in width, intersect both lodes. 



144 


OllE DEPOSITS. 


[PAET 11. 


The cross-veins generally consist of slaty clay, granular quartz, 
calc spar, chalybite, and iron pyrites ; but sometimes the quartz 
becomes more flinty, and isolated masses of galena or small 
patches of copper pyrites make their appearance. Between the 
severed portions of the eastern lode, at depths varying from 
93 to 110 fathoms, the northern cross-course enclosed crystals of 
galena 2 )oor in silver, occasionally detached, but sometimes em- 
bedded in masses of argeiitite of considerable size. Stephanite, 
pyrargyrite, and argentite were also met with in druses, wliere 
they were sjainkhid ov(T crystals of (juartz and calcite. Crystals 
of galena were also often covered in the same way with crystals 
of silver ore, and tlireads of native silver traversed the veinstone 
as well as the galena and other ores. From this cross-course 
304 tons 15 cwts. of silver ores were obtained, which sold for a 
little more than £22,501, making an average of £73 16eS. 3tZ. per 
ton. The i)ercentage of load varied from 7 to 40 j^er cent., but 
the average yield of this metal w^as not much above 0 per cent, 
and the ores can, thcrefori', only be regarded as silver ores. 

The Caliington mining dLstrict may be descTibed as an area chiefly 
consisting of clay slate, which includes the two smaller granite 
])rotrusions of Kit Hill and Guiinis Lake, constituting links 
between the two grea-t ranges of Bodmin Moor and Dartnmor. 
It com])rises 2 )arts of the parishes of Caliington, Calstock, and 
•Stoke Climsland, including an area of about live miles in length 
and nearly three in w idth. 

The granite of Kit Hill and of Gumiis Lake is somewhat 
flner in grain than that of the larger masses of tliat rock further 
west, but it is frequently traversed by veins of quartz and schorl, 
which sometimes contain tin oxide. The slate varies considerably 
in different localities both in colour and in texture. At Drake 
Walls, where it is of a deej) blue colour and has a silky lustre, 
several lodes have been worked, and have in the aggregate jjroduced 
large (juaiitities of tin ore, which is, however, usually associated 
with wolfram. The rock is often traversed by small veins of 
cassiterite, like those which occur in slate at Polberrow, and in 
granite at Carclaze and elsewhere in Central Cornwall. The 
direction of the lodes is generally a few degrees S. of W. ; but 
some of them bear rather N. of W. They dip for the most part 
towards the north, although a few have an opposite inclination. 
Cross-courses are numerous, and they occasionally beave the 
lodes to a considerable distance. Huel Betsy and Redmoor, 
wdiich arc both in killas, have yielded large quantities of galena 
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associated with chalybite. Native copper, cuprite, malachite, black 
copper, copper glance, copper pyrites, and sundry rare minerals, and 
among others uranite, have been found at Gunnis Lake. 

A metalliferous bed containing quartz, chalybite, copper 
pyrites, and other minerals occurs at Virtuous Lady. Its course 
is about 20° S. of W., and its dip N., with a thickness varying 
from a few inches to thirty feet. Tlie ores, which are very 
irregularly disseminated throughout the mass, usually occur in the 
quartz, but large patches are also sometimes found associated with 
carbonate of iron, and iron pyrites. This mine was long 
celebrated for its fine crystals of chalybite. Childrenite has been 
found at the George and Charlotte Mine, as well as at Huel 
Crobor, in this district. 

The Callington district at the present time is of but littl(‘ 
commercial importance as a mining area, althougli it was formerly 
much more productive. The mine now imiking the largest returns 
is Gunnis Lake Glitters, which, during the year 1881, yielded 
2,520 tons of copj)er ore, of the value of £15,8.31 156*. Od. 

The production of the mines of the Eastern Division of Cornwall, 
during the year 1881, was as follows : — 



Tons. 

Weight. 

cwts. 

fjrs. 

£ 

Valin: 

s. 


Black tin 

541 

13 

1 

29,958 

8 

0 

Copper ore 

11,941 

17 

0 

56,390 

16 

10 

Lead „ 

467 

17 

1 

4,550 

7 

10 

Iron pyritcjs 

1.3,953 

6 

0 

13,154 

16 

11 

Wolfram 

5 

2 

2 

48 

13 

9 

Totals , 

26,909 

16 

0 

104,103 

3 

4 


In addition to the black tin produced by the mines of Cornwall 
during the year 1881, 057 tons 1 cwt. w^erc obtained from streams, 
rivers, and foreshores, and 263 tons 19 cwts. 2 qrs. of black tin were 
returned as sold in the form of undressed tin-stuff. During the 
same year 2,774 tons of arsenious oxide (AS2O3), wortli £19,250, 
were produced in Cormvall from the roasting of ores contnining 
arsenic. 

Statistics Relating to the Production of Tin, Co'p'per, and Lead 
Ores in Cornwall, — The period at which Cornish tin was first 
worked and exported has been lost in the obscurity of ag(‘s. 
According to Borlase, however, the production of tin in Cornwall 
was very inconsiderable even in the time of King John, 1 199-1 216. 
Ill this reign the tin farms of the county yielded no more than 

L 
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100 marks per annum, and in accordance with this valuation the 
Bishop of Exeter received, in lieu of his tenth part, the sum of 
£6 135. The tin farms of Devonshire, at the same period, 
yielded £100. 

In 1750 the production of the Duchy of Cornwall was 18,698 
blocks, equivalent to about 3,132 tons of metallic tin. In 1800, 
after having been in 1789 as high as 22,132 blocks, the production 
was 16,397 blocks, or about 2,746 tons. The production of 
metallic tin in the year 1838, after having been as high in 1827 as 
31,744 blocks, amounted to 29,321 blocks, or about 4,911 tons. 

Until the year 1854 the production of the Cornish tin mines 
was by the Mining Record Office grouped with that of Devon, 
although the yield of the latter county was relatively unimportant. 
The following table gives the production of tin in Cornwall from 
the date at which records of the yield of the two counties have 
been kept separate. 


Weight and Value of Tin Oke obtained from Cornish Mines 
FROM 1854 to 1881. 


Year. 

Tons.* 

Value of ore. 

Remarks. 

1854 

8,447 

£ 

540,608 


1856 

8,627 

586,636 


1856 

9,214 

9,688 

764,762 


1857 

736,228 


1858 

9,905 

630,328 


1859 

10,059 

723,370 


1860 

10,225 

798,209 


1861 

10,725 

776,612 


1862 

11,638 

773,729 



1863 

13,932 

924,447 



1864 

1865 

1866 

1867 

13,667 

13,867 

13,601 

10,988 

861,345 

767,680 

658,686 

545,238 


Production of Cornish mines 
and tin streams for ten 
years to end of 1871 — 

1868 

11,530 

638,052 


Tons. Value. 

1869 

13,756 

879,997 


134,928 £8,105,313 

1870 

16,190 

998,963 


1871 

16,759 

1,057,176/ 



1872 

12,156 

14,660 

1,053,001 ' 



1873 

1,034,693 



1874 

14,686 

746,328 



1875 

13,800 

690,592 


Ten years to end of 1881 — 

1876 

13,523 

14,395 

570,996 



1877 

557,295 

( 

Tons. Value. 

1878 

14,992 

519,581 


138,621 £7,098,129 

1879 

14,168 

559,242 



1880 

13,353 

673,380 



1881 

12,788 

693,021 j 




^ The ton of tin ore consists of 20 cwts. each of 115 lbs. 
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The largest production of tin ore in Cornwall was in the year 
1871, but since 1873 the amount annually produced has not very 
materially fluctuated. 

Copper mines do not appear to have been worked in this county 
until about the year 1700, although small quantities of copper ore 
were previously obtained from mines worked more expressly for 
tin. In 1838 the production of the copper mines of Cornwall 
amounted to 145,688 tons, each of 21 cwts., representing a money 
value of £857,779.1 

On referring to the following table it will be seen that the 
annual production of the county has gratlually decreased since 
1855. 


Weioht and Value of Coiteh Oue odtainei) fhom CorNisii ;Mineh 
FROM 1855 TO 1881. 


Y ('ftr. 

Tons.* 

1 

Value. 

Remarks. 

1855 

161,576 

£ 

1,064,474 \ 



1856 

163,958 

1,01!»,176 


Production for seven years 

1857 

152,729 

979,565 


to end of 1861 — 

1858 

147,330 

873,347 



1859 

146,093 

90.5,897 1 


Tons, Value. 

1860 

145,359 

873,471 


1,060,164 i:6,532,612 

1861 

143,119 

816,582 ' 



1862 

141,810 

728,299^ 



1863 

129,221 

642,944 



1864 

127,033 

659,918 


Production for ton years to 

1865 

121,353 

572,61!) 


end of 1871— • 

1866 

103,670 

431,083 

\ 


1867 

88,603 

413,533 

r 

Tons. Vuluo. 

1868 

86,722 

373,005 


973,494 £4,585,017 

1869 

71,790 

316,364 



1870 

56,526 

242,227 



1871 

46,766 

205,025/* 



1872 

41,756 

226,654'] 



1873 

40,285 

188,230 



1874 

40,455 

201,367 



1875 

39,393 

204,228 


Production for ten years to 

1876 

43,016 

202,203 

\ 

end of 1881 — 

1877 

39,225 

169,549 

? 


1878 

1879 

36,871 

30,371 

146,413 

116,168 


Tons. Value, 

362,619 £1,670,614 

1880 

26,737 

111.408 



1881 

24,610 

104,388, 




It will be observed that the prod\iction of copper ore in 1881 
represented only one-tenth of the value of that raised in 1855. 
The average produce in metal of the copper ores of Cornwall is at 
present about although in 1848 it was as high as 8|. 

^ Copper and lead ores are sold l)y the ton of 21 cwts. 

L 2 
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The following table shows a great falling off since 1845 in the 
(quantity and value of the argentiferous lead ores annually produced 
in the county of Cornwall. 


AVKionT or Lead Ores oui aineo from Cornish Mines prom 1845 to 1881, 
AviTii THE Amounts of Lead and Silver REsmuTVELY contained in them, Ac. 


Yt'ftr. 

Lead Ore. 

Lead. 

Silver. 

Value of 

ore. 


Tons. 

Tons. 




1 

1845 

10,100 

6,063 





1846 

11,574 

7,304 j 





1847 

8,228 

4,933 





1848 

10,404 

6,614 ' 





1840 

10,32.5 

6,773 





1850 

10,386 

6,782 

oz. 




1851 

9,515 

6,709 

255,640 




1852 

8,998 

6,220 

250,008 




1853 

6,680 

4,690 

165,670 

Average per ton i 

1854 

7,460 

5,005 

179,675 

£ 

s. 

rl 

1855 

8,962 

5,882 

211,348 

14 

4 

6 

1856 

9,073 

6,597 

248,436 

14 

8 

0 

1857 

9,559 

6,036 

224,277 

14 

15 

0 

1858 

9,710 

5,436 

223,189 

14 

6 

0 

1850 

7,842 

4,985 

215,964 

13 

16 

0 

1860 

6,410 

4,242 

180,767 

13 

17 

8 

1861 

6,690 

4,228 

173,344 

12 

10 

7 

1862 

6,030 

4,119 

205,662 

12 

10 

0 

1863 i 

6,259 

4,270 

206,312 

13 

1 

6 

1864 

.5,301 

3,538 

192,232 

14 

5 

10 

1865 

6,546 

4,296 

214,659 

12 

14 

7 

1866 

6,736 

4,350 

195,218 

12 

15 

1 

1867 

j 8,645 

6,480 

314,326 

12 

17 

6 

1868 

i 8,415 

6,310 

303,033 

12 

1 

8 

1869 

9,023 

6,775 

: 315,714 

12 

6 

0 

1870 

, 8,481 

6,360 

! 292,045 

12 

4 

6 

1871 

i 7,564 

5,073 

! 267,324 

12 

6 

0 

1872 

5,463 

4,098 

i 207.710 

13 

13 

0 

1873 

; 3,909 

2,923 

129,509 

15 

8 

0 

1874 

3,119 

2,337 

85,304 

14 

13 

6 

1875 

i 2,566 

1,932 

25,681 

15 

9 

3 

1876 

; 2,727 

2,070 

37,650 

15 

8 

0 

1877 

2,166 

1,674 

23,035 

13 

19 

0 

1878 

1,349 

1,022 

16,456 

10 

11 

8 

1879 

725 

545 

9,435 

10 

6 

0 

1880 

754 

570 

11,790 

11 

6 

0 

1881 

, 765 

i 

409 

14,396 

10 

3 

0 


Tons 

J’otal ])roductioii of lead ore for ten years to end of 1861 82,284 

„ „ „ „ 1871 73,000 

„ „ „ • » 1881 23,543 

Devonshire. — The mines of Devonshire are much less 
numerous and productive than those of Cornwall, which they, 
however, resemble in various other respects besides being for the 
most part situated in the approximate vicinity of the junction of 
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clay slates and granite. The most important of the mining 
districts of this county is that of Tavistock, which includes the 
whole of the killas area extending from the river Tamar to 
Dartmoor, having a width from north to south of about ton miles. 
In this district are situated the celebrated copper mines of Devon 
Great Consols, formerly the most productive in Great Britain. 
This undertaking was started in the year 184*4 with a cajntal 
of only £1,024, which was never increased by calls or otlierwisi‘ ; 
but in the course of the following twenty-one years a total pi’ofit 
of £1,000,000 was the result of the operations. 

The mining field of Devon Great Consols compreliends several 
separate grants, all of which are connected by underground woik- 
ings. The original sett was that of Hucl Maria, tlie others having 
been subsetpiently added as extensions became desirable. Tluu*(‘ 
are six different lodes at the Devon Great Consols, nanu'ly, two to 
the north of the main lode, the main lode itself, and threes others to 
the south of it; these, including the principal vein, hav(‘ a direction 
varying from 12° to 20° S. of E. and N. of W. Tlioir iind('rlie is to- 
wai'ds the S., and is on an average about two feet in a fatliom. 

The country rock is a kind of mottled killas, the spots in 
which arc apparently caused by minute and impcniect cjystals 
of andalusite. At one point the workings extend westward bo the 
Gunnis-Lake mass of granite, but there are no elvans in the im- 
mediate neighbourhood of the mines. In tlu^ greatcjr portion of the 
workings the walls of the lodes are well defined, this being morii 
especially the ease where th(?y are most productive. The width 
of the main lode, which has yielded the principal portion of the 
copper obtained from the mines, is sometimes as much as thirty 
feet; while the others are considerably narrower a,nd of less 
importance. There arc ten known cross-courses at Devon Consols ; 
one at Huel Maria has heaved the lode eighty fathoms to the right, 
but the other lodes have not been opened sufficiiuitly near this 
cross-course to ascertain its influence upon them. What is known 
as tlie “Great Cross-course’' is chiefly composed of flucan, witli 
0(!casionally a little gossan near the surface. Spots of lead or(‘ 
liave also occasionally been found in the flucan. The lodes arc, 
for the most part, composed of quartz associated with iron pyrites, 
arsenical pyrites, and copper pyrites, with sometimes a little tin 
ore ; while carbonate of iron is usually present, not unfrequently 
forming the material cementing together the brecciated portions of 
the veins. One of the lodes in these mines sometimes assumes the 
appearance of having been filled with fragments of crushed killas, 
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united by crystalline iron pyrites. When a lode of this descrip- 
tion has been opened upon by levels or otherwise, the pyrites 
becomes rapidly oxidized, the veinstone is quickly disintegrated, 
and very heavy timbering is required to keep tlie ground open. 

The ores raised at Devon Great Consols are usually of a low 
produce for copper, but they contain in addition a considerable 
amount of arsenic. A large proportion is consequently roasted 
previous to being sold as copper ore ; this operation, in addition to 
yielding a valuable product in the form of white arsenic, materially 
increasing the percentage of copper in the residues. About six- 
sevenths of all the ores now sold are calcined for arsenic previous 
to being sent to market. 

The principal workings of the mines do not extend to a depth 
much exceeding 220 fathoms below the adit, which is sixty fathoms 
from the surface ; one shaft has, however, been sunk to a depth of 
300 fathoms below the adit level, chiefly in the hope, which has 
hitherto been disappointed, of finding tin ore. 

The workings comprise twenty-seven and a half miles of levels, 
six and a half miles of winzes and rises, and two and a half miles 
of vertical shafts. The largest return made in any one year was in 
1857, when 28,8.36 tons of copper ore, of the value of £150,432, 
were raised and sent to market. The production of Devon Great 
Consols for 1881 was 10,922 tons of copper ore, of 4^^ produce, and 
of the value of £20,113. As before stated, tlie ores of these mines 
are usually arsenical, and during the year 1881 2,851 tons of white 
arsenic, of the value of £23,324, were jjrepared by calcination. 
Up to March 1882 Devon Great Consols has aflbrded 660,184 tons, 
each of 21 cwts., of coi)per ore, of the value of £3,344,446. 

Bedford United Mines, lying about a mile south of Devon Great 
Consols, have for many years been a fairly productive undertaking. 
During tliirty years ending December 31, 1881, these mines yielded 
47,544 tons of copper ore, of the aggregate value of £113,298. 
The production of the year 1881 was 656 tons of copper ore, of 
5J produce, representing a value of £1,997. 

Huel Friendship, near Mary Tavy, which returned 110 tons of 
ore in 1811, was for many years a productive copper mine, but the 
yield of ore having become 'gradually reduced, the workings were 
ultimately suspended in 1857. The total yield of this mine during 
twenty-six years amounted to 32,250 tons of copper ore, of the 
value of £250,410. 

Numerous lodes have at various times been opened in the 
neighbourhood of Bridestow and Okehampton, to the north of the 
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Tavistock district skirting the southern flank of Dartmoor, but in 
no instance docs a profitable mine appear to have been discovered. 
In the Ashburton district, whicli includes all the area of clay slates 
skirting the eastern side of Dartmoor, and extending some miles 
north and south of Ashburton, are numerous lodes, some of which 
have yielded ores of copper and tin ; they have, however, seldom 
yielded these ores in remunerative quantities. 

Lead mining in Devonshire is of great antiquity, dating back 
to the time of the Roman occupation of the country. Some of the 
mines of this county were worked on account of the crown for the 
silver contained in the lead ore as early as the reign of Edward I., 
when they arc recorded to have been profitable. The lead-mining 
districts of Devonshire are chiefly around Beer- Alston and Combe 
Martin, The mines of the latter district were re-opened in the 
reign of Elizabeth, and have been worked at various times since 
that period. Their working was strongly recommended to the 
Long Parliament in 1659, but they do not appear to have been 
again opened until the end of that century, and then without 
success. In 1813 they were re-opened and worked for four years, 
during whicli period they produced only 208 tons of lead ore. 
They were subsequently closed, and again worked in 1837. Of 
late years the most productive lead mines have been those in the 
neighbourhood of the Tamar, and the Exmouth and Frank Mills 
Mines on the banks of the river Teign, within ton miles of 
Exeter. One of the most productive of the Tamar mines was, 
some years since, flooded by the waters of that river breaking 
into the workings. A considerable amount of lead ore has also 
been raised at Ghristow. 

The production of the lead mines of Devonshire has for many 
years been gradually declining, the total amount of lead ore pro- 
duced in the county in 1881 being only ten tons. From 1851 to 
the end of 1863, a period of twelve years, the Tamar Silver Lead 
Mine yielded 7,910 tons of lead ore, containing 332,204 oz. of 
silver. The Frank Mills Mine from 1857 to the end of 1880, 
when the last sale of ore was made, a period of twenty-three years, 
produced 14,511 tons of lead ore. containing 247,151 oz. of silver. 

Statistics relating to the ])ro(hietion of Tin, Copper, and Lead Ores 
in Devonshire. — For many years past nearly the whole of the tin 
produced in the United Kingdom has been obtained from the 
mines of Cornwall, and during 1881 only 15 tons 8 cwts. 1 qr. 24 
lbs. of black tin were raised from those of Devonshire. If, however, 
we make due allowance for tin ore obtained from streams, rivers, 
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and foreshores, and add this to the above amount, the total yield 
of Devon can scarcely have reached, for that year, 75 tons, while 
during the same period the production of Cornwall may be taken 
at 12,788 tons. 

Devonshire is said to have formerly produced a larger amount 
of tin ore than Cornwall ; but if, from the production of the two 
counties together as given in the following table, we deduct each 
year the production of the latter county alone, as given in the table, 
page 146, we find that, for a })eriod of nearly thirty years, the yield 
(.>f black tin in Devonshire has been comparatively insignificant. 


Tin 0]?k and Tin imioduced in Cohnwadl and Dkvon from 1818 to ]881. 


Ycfiv. 

Tin ore. 

MclulUf tin. 

Vahu* of tin oro 
I>er ton. 

V aliic of inetallir 
tin per ton. 


Tons. 

Tons, 

C 

•S'. 

r/. 

.C 

.V. 

(L 

1.S4S 

10,176 

6,616 


— 


79 

10 

0 

1810 

10,719 

6,052 


— 


78 

15 

0 

1850 

10,686 

6,729 




81 

0 

0 

1851 

9,455 

6,140 


— 


86 

15 

0 

1852 

9,674 

6,287 


— 


92 

2 

6 

18.58 

8,866 

5,766 

68 

0 

0 

120 

0 

0 

1854 

8,717 

5,947 

64 

0 

0 

120 

0 

0 

18.55 

8,947 

6.000 

68 

0 

0 

120 

0 

0 

18.56 

9,6.50 

6,177 

86 

0 

0 

134 

0 

0 

1857 

9,786 

6,582 

i 

0 

0 

160 

0 

0 

1858 

9,960 

6,491 

70 

0 

0 

166 

0 

(1 

1859 

10,180 

6,497 

i 74 

15 

0 

162 

10 

0 

1860 

10,400 

6,656 

71 

11 

6 

1 64 

0 

0 

1861 

10,963 

7,016 

62 

6 

8 

136 

0 

0 

1862 

11,841 

7„578 

59 

14 

0 

]16 

0 

0 

1 866 j 

14,221 

9,104 

63 

12 

0 

117 

0 

0 

1864 i 

16,984 

i 9,295 

60 

17 

6 

107 

1 

0 

1865 ! 

14,122 

! 9,068 

■ 55 

() 

0 

96 

15 

0 

1866 ! 

16,785 

j 8,822 

48 

10 

9 

88 

12 

6 

1867 

11,066 

{ 7,296 

: 50 

18 

0 

91 

17 

6 

1868 

11,584 

7,706 

. 55 

4 

0 

98 

0 

0 

1869 

16,886 

! 9,656 

69 

16 

0 

123 

2 

0 

1870 

15,264 

10,200 

75 

3 

0 

127 

8 

6 

1871 

16,898 

11,620 

; 78 

12 

6 

1 167 

10 

0 

1872 

12,299 

; 8,241 

: 87 

7 

0 

152 

15 

0 

1876 

14,837 

i 10,006 

78 

1 

0 

133 

7 

0 

1874 

14,715 

9,724 

5() 

3 

3 

108 

8 

0 

1875 

14,004 

1 9,614 

j 52 

11 

6 

90 

2 

0 

1876 

13,649 

7,8,59 

1 

18 

0 

79 

10 

0 

1877 

14,091 

9,426 

! 40 

10 

0 

73 

3 

6 

1878 

i 15,124 

' 10,158 

' 85 

5 

6 

65 

12 

3 

1879 

: 14,280 

9,282 

40 

0 

0 

72 

6 

0 

1880 

! 13,676 

8,684 

49 

0 

0 

; 91 

5 

0 

1881 

! 12,898 

i 8,615 

i 54 

0 

0 

i 97 

9 

3 


The year of greatest production — 1871. 

The year of greatest value of tin ore and metal — 1872. 
The year of lowest value of tin ore and metal— 1878. 
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Weight and Value or Copter Ore obtained from Mines in Devonshire 
FROM 1856 to 1881. 


Y ear. 

Ore. j 


Tons. ! 

1856 

42,024 1 

1857 

37,800 i 

1858 

36,332 j 

1859 

36,415 i 

1860 

35,283 i 

1861 

35,796 1 

1862 

40,095 ! 

3 863 

40,742 1 

1864 

37,978 1 

1865 

38,156 j 

1866 

34,471 1 

1867 

31,163 

1868 

30,640 

1869 

32,723 ' 

1870 

24,752 ; 

1871 

24,352 

1872 

23,630 

1873 

1 14,810 1 

1874 

1 12,826 

1875 1 

14,0!>7 

1876 : 

16,276 

1877 j 

16,980 

1878 1 

12,648 

1879 

12,736 

1880 

15,076 ' 

1881 

17,132 i 


Viiliie. 


£ 

215,644 
222,416 
194,133 
188,737 
186,081 
187,188 
196,012 ' 
189,208 j 
194,197 
184,77(» ! 
151,481 , 
143,898 
128,748 I 
86,056 i 
84,096 ! 
79,409 ' 
88,668 
48,200 
52,746 
86,398 
58,210 I 
50,484 , 
26,575 I 
30,616 1 
42,539 : 
39,509 


Kfiiuirks. 


lOodiiclioTi of coi)pi‘r oiv 
for ti‘ii years to end of' 
1871 — 

Tons, Value. 

335,072 .i'1,437,881 


1 V(»(liiotioii of cop])er ore | 
for ten years to end of 
1881— 

Tons. Viiluc. 

156,211 £523,975 


Accurdiijg to statistics prejiared by Her Majivsty’s Inspectors 
of Mines, and jiublislied since the foregoing tables Jin.ve been in 
type, the production of tin and C(>pjK*r ores from tlie niincss oi* 
Cornwall and Devonshire during the year 1(S82 was as foihjws : — ^ 


l)(!S(n’ij)ti()n of Ore. 

i Wei^bi. 

Value. 

1 WeiKbt. 

Value. 


1 'I'lHlS Cwls 

i* 

, Tons 

C\N ts 

& 

IJlriclv tin 

12,189 5 i 

723,774 

50 

8 

2,652 

Copi)er ore 

25,611 1 ^ 

314,688 

19,201 

0 

6t>,133 


The table on the following page gives tlie ])roduetion of h;ad ore 
in Devonshire for thirty years, and sliows the gradual falling off 
which has taken place in the yield of the lead mines of this 
county. 


^ Mineral statistics of the Unil(‘d Kwijdom of Oread lirUain and Ireland for the 
vear 1S82. 
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■Weight of Lead Ores obtained from the Mines of Devonshire from 1852 
TO 1881, with the Amounts of Lead and Silver resreotively contained 

* IN THEM. 


Year. 

lA’fld ore. 

Lead. | 

Silver. 


Tons. 

Tons. ' 

Oz. 

1852 

2,977 

1,917 , 

91,340 

1853 

3,014 

1,798 : 

100,236 

1854 

4,139 

2,612 ; 

119,288 

1855 

4,035 

2,292 , 

89,908 

1856 

3,138 

2,000 1 

77,450 

1857 

2,590 

1,535 ! 

50,262 

1858 

2,779 

1,695 

53,300 

1859 

3,172 

2,090 

<56,87.5 

1800 

3,018 

2,030 

53,059 

1801 

2,76‘J 

1,791 

45,187 J 

1802 

2,079 

1,370 

30,265 , 

1863 

1,578 

1,080 

20,357 i 

1804 

1,650 

1,093 

21,480 ! 

1805 

1,847 

1,147 

33,805 1 

1806 

! 723 

471 

13,017 ! 

1867 

1 803 

520 ! 

13,719 ^ 

1868 

1 1,522 

s 1,141 : 

; 39,8(55 1 

1809 

! 1,080 

1 077 ' 

; 27,451 1 

1870 

1,235 

1 829 

! 24,700 1 

1871 

940 

1 057 

13,805 ) 

1872 

740 

522 

10,392 

1873 

670 

472 

0,510 

1874 

451 

311 

7,809 

i 1875 

335 

242 

4,542 

I 1870 

437 

327 1 

5,890 : 

1877 

337 

252 

4,948 

1878 

234 

109 

3,280 

1879 

120 

97 

1 1,915 

1880 

31 

23 i 

; 220 i 

1 1881 

10 

8 

00 ' 


I'rodiictioD for ten years to end 
of 1801— 

Lead ore. Lead. Silver. 

Towh. Tons. Oz. 

31,624 19,700 752,977 


1‘roduclion foi* ten years to end 
of 1871 — 

I*cad ore. Tioad. Silver. 

Toii.^. Tons. Oz. 

13,403 8,997 247,530 


I’roduetion for ton years to end I 
of 1881— 

L(*nd ore. Lead. Silver. 

Ions. Tons. ()z. 

8,380 2,423 45,578 


SoMEllRKTSTTIllL. — Lead and zinc ores were formerly obtained 
from tlie Carboniferous Limestones of Somersetsbire, but at the 
jiresent time no mines for these metals are being worked in that 
county. A small quantity of lead is, however, still annually 
obtained in the Mondip Hills from the treatment of ancient slags 
and slimes, some of which are believed to be residues resulting 
from Roman workings. 

Many important mines of spathose iron ore occur in the Brendon 
Hills in this county, and have for many years been worked by 
the Ebbw Vale Iron Company, Avho employ the ores obtained 
fiom them for the manufacture of spicgelcisen. Although this 
ore is of common occurrence in many parts of the Continent, it 
is in this country only found in considerable quantities in the 
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following localities, namely, in Weardale in Durham, where, asso- 
ciated with lead and zinc ores, it forms veins in the Carboniferous 
Limestone, at Perran in Cornwall, at Exmoor in Devon, and 
in the Brendon Hills in Somersetshire, where it forms a chain 
of irregular lodes in slaty rocks of Middle Devonian age. The 
system of veins extends over a distance somewhat exceeding five 
miles, and their maximum aggregate thickness is about twenty- 
seven feet. The ore usually contains from 13 to 14 per cent, 
of protoxide of manganese, and yields spiegeleisen of good quality, 
containing about 20 per cent, of manganese. 

The range known as the Brendon Hills runs nearly E. and 
W., and is about six miles south of that portion of the Bristol 
Channel lying between Watchet and Miiiehead. On their northern 
side they rise somewhat abruptly, but in the opposite direction 
their slope is much more gradual. At their highest point they reach 
an elevation of 1,350 feet above the sea-level, and the slates, whicli 
near the surface are grey in colour, acquire a bluish-green tint in 
depth, and usually dip towards the south-east. At Treborough, 
two miles north of the highest point of the range, these slates have 
been extensively quarried for roofing purposes. Attention was, in 
modern times, first directed to this locality by evidences of ext(‘U- 
sive ancient workings, with regard to the ago of some of which 
there is no conclusive evidence; a coin of Domitiaii was, however, 
found in one of the old workings at Kennesome Hill, and Roman 
coins have been found in the vicinity of the old workings in the 
Brendon range. A wooden shovel and a turf dam wore also found, 
in 1SG5, at the bottom of one of the ancient workings at a depth 
of 100 feet below the surface; this dam was apparently the last 
of a series extending from the top to the bottom, and by means of 
which the water was removed by dipping from one to another.^ 

The direction of the veins is usually N. of E., but their dip 
is variable. In addition to iron ores the lodes contain quartz, 
and occasionally fragments of the country rock. The quartz, which 
most frequently occupies the north side of the lodes, is not much 
intermixed with the ores, but more frequently assumes the form of 
distinct lenticular masses. Near the surface the c.arbonate of iron 
has everywhere been converted into brown haimatite by tlie 
action of water and atmospheric air. The annual j^roduction of 
these mines amounts to about 27,500 tons. 

The Forest of Dean. — The district known as the '' Forest of 

' Morgan Morgans, ** Tlio Brendon Hills Rpailiosc Iron Ores and Mines,” 
Proceedings of So'iUh f Pales Institute of ErajineerSy vol. vi. p. 78. 
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Dean'' is situated within that part of Gloucestershire which is 
bounded by the rivers Severn and Wye. This was probably one 
of the first seats of the iron trade in Great Britain, and its history 
is consequently of exceptional interest. In the reign of Henry the 
Second the Forest comprised the whole of the land lying within the 
above boundaries, but by successive reductions it has now become 
curtailed to the central district, occupying the area lying between 
Little Dean and Christ Church on the east and west, and Eccleswall 
and Bream on the north and south. 

The strata of this district assume the form of a basin of which 
the greatest depression is near the centre ; its longer axis extends 
for about eleven miles from N. to S., while the transverse axis in 
its widest part ranges about seven miles from E. to W. The 
central portion of this area consists of Coal-measures, which are 
surrounded by a belt of Carboniferous Limestone, which is itself 
bordered by Old Bed Sandstone. 

That the Romans carried on the manufacture of iron on a 
lajge scale, and for a lengthened period, in the Forest of Dean is 
sufficiently 2 )ro\’ed by coins and other relics of that jieojile, which 
have been found under heaps of slags, which were once so abundant 
as to form an important ])roportion of the material supplied to the 
local iron furnaces. The earliest historical records respecting this 
district are clearly identified with its iron trade ; for although the 
Images of the Domesday Book su 2 )plyno definite information relative 
to tliis industry, they nevertheless distinctl}^ allude to the production 
of iron in the immediate neighbourhood. It is there stated, however, 
that the bolts and bars required by the shi])-builders of the Royal 
Navy were obtained from the city of Gloucester, and there can be 
little doubt tliat the iron was jiroduced in the Forest of Dean. 
In the year 1140 tlie Abbey of Flaxley was founded by Roger, 
eldest son of the Earl of Hereford, by whom it was partially endowed, 
and by whom it was named the ‘‘ Abbey of 8t. Mary de Dene, " its 
site being at that time included within the precincts of the Forest. 
The institution of the abbey was confirmed by Henry II., who 
further enriched it by granting to the monks permission to feed 
their cattle and hogs in the Forest, to repair their buildings with its 
timber, and to establish iron forges within its boundaries. For 
a period of more than five centuries the iron trade established by 
the monks of Flaxley aj^pears to have been carried on in almost 
any part of the Forest capable of furnishing the requisite ore 
and charcoal, and where a running stream supplied the power 
necessary for a blast. 
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The mineral district of the Forest of Dean is remarkable for the 
regularity of its strata, since each bed exhibits a continuous line of 
outcrop around the whole edge of the basin, with a uniformity with- 
out example in any other locality in this country. The Coal-measures 
are naturally divided into three series, of which the middle affords 
the greater portion of the large supply of coal now furnished by the 
district. The strata between the upper and middle series consist al- 
most exclusively of argillaceous shales, with, here and there, thin beds 
of sandstone. Below the middle coal-seams the measures undergo a 
decided change, and instead of the shales before referred to, a liard 
sandstone prevails, and continues, with but little variation, down to 
the Coleford High Delf seam, which is one of the lowest belonging 
to the lower coal series. 

Tlie Farewell Rock or Millstone Grit, which underlies the Coal- 
measures throughout the Forest of Dean, contains, in its lowest 
bed, a deposit of iron ore which, to a small (^xtent, is Avorked on 
its eastern outcroj); but the extensive deposits of ore, which from 
the earliest times have supplied the iron of Dean Forest, occur 
in large pockets or churns in the upper beds of the (carboni- 
ferous Limestone. Such churns often contain several thousand 
tons of brown hjematite, which is for the most ])art soft and 
easily worked, but which, nevertheless, varies considerably in 
(quality. 

The Black Brush ore sometimes contains as much as 00 pc‘r 
cent, of peroxide of iron, but tlie ])oorer varieties, being con- 
taminated by an admixture of clay and carbonate of lime, are pro- 
portionately less rich in iron. The most important workings in 
the limestone of this district are those situat(‘d on its eastern out- 
crop, where cavities in the almost perpendicular beds are filled 
with deposits of rich ores in enormous (piantities. Du the 
Avestern side of the field, Avhere the strata arti less inclined th;ui 
those on the other side, iron mining has long been extensively car- 
ried on. All the most successful mines, howewer, are found to lie 
to the dip of the excaA^ations made by the ancient miners, who 
had frequently penetrated to greater depths than could have been 
expected when we consider the means at their disposal. 

In accordance Avith the general practice among ancient crafts- 
men, the miners of Dean Forest were associated in a guild or trade 
corporation, and their prescriptive rights and privileges were 
guarded with extreme jealousy and care. For admission into this 
guild it was necessary that a man should have been born in tlu) 
hundred of St. Briavels, and should have worked for a year and 
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a day in either a coal or iron mine ; he was then entitled to be 
admitted a Free Miner of the Forest of Dean. 

The original laws of the Order of Free Miners as to modes of 
working and the extent of area allowed to each workman, were 
only applicable to very shallow workings. Consequently, in pro- 
portion as the demand for ore and coal increased and more expen- 
sive appliances for obtaining them from greater depths became 
necessary, the rules of the ancient code had, from time to time, 
to bo relaxed in such a way as to afford opportunities for more 
extensive workings and the employment of larger capitals. 
This, however, resulted in endless disputes, until, under the 
Dean Forest Mining Act, commissioners were appointed to assign 
boundaries to the various mineral tracts, and to arrange the 
difficulties which the old Forest laws had been found inadequate 
to meet. The various collieries and iron mines of this district 
are now held under awards of these commissioners made in the 
year 1841. The present annual production of iron ore in the 
Forest of Dean is approximately 79,000 tons.^ 

Ikon Ores of the Carboniferous Limestone — Northern 
Counties. — The principal mass of the ironqiroducing Carboniferous 
Limestone of the northern and north midland counties of England 
emerges from beneath the Coal-measures of the counties of Durham 
and Northumberland in the east, and is bounded by a steep ridge 
overlooking the Vale of Eden on the west. It reaches its highest 
point in the mountainous range of Cross Fell, and forms a tract of 
moorland country which, in the neighbourhood of Alston, extends 
for a width of twenty-five miles, while in the elevated region ad- 
joining the Scottish border it stretches almost completely across the 
island.2 After an interval of a few miles the same formation again 
rises towards the west, from beneath the New Red Sandstone of 
Penrith, and the Coal-measures of Workington and Whitehaven, 
and forms a comparatively narrow belt around the older slaty rocks 
of the lake district. The structure of the high land, on which are 
situated the towns of Alston, Hexham, and Haltwliistle, differs 
materially from that of the contemporaneous formations occurring, 
both in England and Wales, further south, which, for a great thick- 
ness, consist principally of almost uninterrupted beds of limestone. 
In the north, on the contrary, the actual limestone plays a com- 

1 For information relative to this district consult “ The Forest of Dean,” by Rev. 
G. H. Nicliolls, 1858 ; also Arnold Thomas, “ The Forest of Dean,” Proceedings /S’. 

1 Pales Inst, of Engineers^ vol. vi. 1870, p. 200. 

2 W. W. Smyth, ‘‘ The Iron Ores of Great Britain,” Memoirs of the Geological 
Survey, 1856, jiart i. p. 15. 
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paratively subordinate part, and alternates with strata of sandstone 
and shale, locally known as hazle and ][tlatc. In some of these bands 
of shale are found nodules of clay ironstone, of which the aggrega- 
tion and mode of occurrence exactly resemble those of similar ores 
in the Coal-measures, 

The majority of the mineral veins of the vicinity of Alston, 
which produce the lead ore for which that district is celebrated, 
range nearly east and west, and intersect the whole of the strata 
belonging to the Carboniferous Limestone ; they are, however, much 
more productive in certain of the beds than in others. Some of 
these lead veins in portions of their course, instead of being com- 
posed of the usual veinstones accompanying lead ore, such as cal- 
cite, fluor spar, &c., arc filled with brown iron ore. The rich loth', 
of Rodderup Fell, known as the Craig Green or Bracken Syke 
Vein, in the “Scar Limestone,” belongs to this class, and varies from 
sixteen to twenty feet in width. Certain of the lodes in the 



Fkj, 47.— Section oI Manor House Lode. 


vicinity of Alston, producing ore of this kind, have been extensively 
wrought. Among others the Manor House Vein, near the railway 
station, has yielded largo quantities of brown iron ore of good 
quality. This vein is about twelve feet in width, and its produc- 
tiveness is increased by the occurrence of flats, which, at distjinces 
of a few feet apart, penetrate between the bedding of the limestone 
which constitutes the country rock. Fig. 47 is a diagrammatic 
sketch, given by Smyth, representing a section of this lode. 
On the northern shoulder of Cross Fell, and in Weardale, outcrops 
of similar iron veins occasionally present themselves. 

In the eastern part of this region spathose iron ores make 
their appearance abundantly in the lead veins, and form the 
veinstone accompanying galena, for which the mines are principally 
wrought. At the mines of Allenheads spathose ore occurs both in 
regular veins and in flats, while at Stanhope Burn the veins are so 
charged with this mineral that at a spot where several of them 
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occur in close proximity to one another, and which is further 
enriched by the interlacing of numerous strings, the whole sur- 
face has been removed by the Weardalc Iron Company, and the 
rock taken away by quarrying, a considerable amount of lead ore 
being separated duriTig the operation. In many places in this 
district brown peroxide of iron is frequently mingled, especially 
near the surface, with spathose ore, from which it has doubtless 
been derived. 

The red haematite from the vicinity of Whitehaven in Cum- 
berland, and of Furness in Lancashire, is obtained either from 
Carboniferous rocks or from those of Silurian age. Practically, 
however, it is almost entirely derived from the former, since the 
deposits in the Silurian rocks arc of extremely limited extent. 
The Carboniferous Limestone series, in which the principal deposits 
occur in both districts, consists mainly, as before statcul, of 
alternations of limestones with shales and sandstones. 

The sandstones and shales are generally very thin, often not 
more tlian two or three feet, and scddoni exceeding twelve feet, in 
thickness. On the other hand, the limestone occurs in enormous 
beds, sometimes exceeding 300 feet in thickness, and it is in thescj 
thick masses of Mountain Limestone that the hauriatito is principally 
found. The ore fills fissures and lake-like basins in this rock some- 
times immediately below the drift, while at others it presents itself 
in an irregular form d(!ep down in the Carboniferous Limestone. It 
is found in almost every bed, from the lowest, nesting on the Silurian, 
to the highest, forming the base of the Grits and Yoredale rocks, at 
Whitehaven and Furness respectively. It is evident, thorcifore, that 
there is a wide difference in the geological horizon of the various 
deposits. In consequence, however, of the inclination of the lime- 
stone and the extent to which it has been denuded, this difference 
of geological horizon does not always affect the actual level of tlie 
deposits, and many of them occurring in the lower beds are found 
much nearer the surface than those in the higher ones. 

At Whitehaven, some of the finest deposits of iron ore occur 
in the upper beds of limestone, that is, in those lying immediately 
below the Grits. At Bigrigg, Crowgarth, and Parkside, the ore is 
found in large, irregular masses in the limestone immediately 
under the Millstone Grit, one of the beds of which forms in eacli 
case the roof of the deposit. In section these deposits present in 
many respects the appearance of a bed, since they follow the dip of 
the rocks in which they lie, and usually preserve a tolerably uniform 
thickness, which in different deposits varies from four to above 
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forty feet. The roof of sandstone, and the floor of limestone are, 
in some cases, parallel for very considerable distances ; at Parksidc*, 
for instance, the roof and floor remain parallel for a distance of 
nearly 200 yards. Fig. 48, from a sketch by Mr. J. D. Kendall, 
represents a vertical section of that deposit taken along its line 
of dip.^ 

This affords a striking example of the way in which such 
deposits sometimes vary in thickness. To the left of a the dej)th 
of the ore is not less than sixty-five feet, while at h, only a 
short distance from it, it does not exceed four feet. These vari- 
ations in thickness are always due to irregularities in the limestone 
floor, as the roof invariably forms a regular even plane liaving the 
same general dip as the strata surrounding the ore. Tlicse vari- 
ations in thickness usually take place in the direction of the 



strike of the strata. But few of the deposits occurring immedi- 
ately under the Grits are found to be at any great distance from 
the upper edge of those rocks, and in many cases tlie ore comes 
from beneath them up to the bottom of the drift, as shown 
at c. Since, however, the inclination is somewhat great, the 
deposit, as it extends towards the dip, rapidly becomes covered 
by a considerable thickness of rock. The superficial extent of 
these dejjosits is sometimes very large, that at Parkside liaving an 
area of eighteen acres, while numerous others vary in size from 
two to ten acres. 

In Furness one deposit only has, as yet, been discovered in the 
highest bed of limestone lying immediately beneath the Yoredale 

^ “ The Haimatite Deposits of Whitehaven and Furness,” Trayin. Manch^.Htcr 
Gcol. Soc., vol. xiii, 1876, p. 231. 
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rocks. This deposit is at Stank, and was discovered in searching 
for coal. 

The deposits in the intermediate beds are many and various. 
Some of tliem, and especially those in Furness, lie immediately 
below the drift in basins hollowed in the limestone similar to 
tliose which occur in the lower beds. Others, and particularly at 
Whitehaven, are at considerable depths in the limestone enclosed 
in irregular caverns, which are sometimes at a depth of 35 
fathoms from the surface, and are surrounded by ]im(3stoiie on all 
sides. A good example of a lake- like deposit is seen, Fig. 40, 
at the open cutting of the Crossfield Iron Company. In Furness 
there are a great number of shallow basin-like deposits, all those 
in that district, with but few exceptions, belonging to this class. 

The deposits in the lower beds of limestone resting upon the 
Silurian rocks are among tlie finest which have been found in the 
Furness district. Amongst these may be mentioned those of Park 



.‘ind Lindal Moor, the first of which (‘Xtends over an area of fifteen 
acres, and at one point has been proved to a depth exceeding 300 
feet. The deposit at Lindal Moor is 900 yards in length and 
about twenty-three yards wide. One or two very fine deposits 
of hfematite occur in the lower limeston(‘ bc‘ds at Whitehaven, such 
as those at Todholes and Woodend. The lower deposits usually 
occur in dishes or liollows in the limestone immediately below the 
drift, and in close prornixity to rocks of Silurian age. Sometinu^s 
they even rest upon Carboniferous Limestone on one side and upon 
Silurian rocks on the other, as shown in Fig. 50. Both the Park 
and Lindal Moor deposits rest partly on Silurian rocks, as do also 
those of Todholes and Woodend. At Martin, in Furness, there is a 
deposit of this class which, on account of the peculiar circumstances 
under wdiich it occurs, is worked like an open quarry. When first 
discovered the ore was covered by about thirty feet of drift, which 
has since been removed, thus alFordingaii opportunitj" of thoroughly 
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examining its form and character. It lies on the limestone, by 
which on all sides, except one, it is surrounded. Where the lime- 
stone is absent the ore rests upon tlie underlying slate, which 
rises at a high angle from below that rock. The length of this 
deposit is about 260 feet, and its width 200 feet, while the greatest 
depth to which it has yet been proved is somewhat over fifty feet. 

Wherever these de]>osits occur, whether just below the Grit, in 
the middle of the series, or down upon the Silurian slates, their 
longer axis almost invariably coincides with the direction of the 
principal joints of the limestone rock. 

At Whitehaven the haematite is usually of a dull red colour, 
and occurs in hard compact mnssc's containing numerous irregular 
cavities, which are frequently liruHl with a botryoidal concretion 



Fkj. TiO. -Iron ore (loixislt on Carbon ifrro: is biinoHfonr and Silurian Slab*. 


g('ncTally known as Icidncy ore.^ on whicli a C(b'itingof specular iron 
ore, quartz, and calcite is sometimes forine<l. In Furness the ore, witli 
the exception of that worked at Lindfil Moor, Rtank, and Askam, 
differs materially from that at Wliitchavcm. Instead of the hard 
solid masses met with in that tlistrict, the Furness ore consists, to 
a large extent, of a loose incoherent material composed of delicate* 
filmy scales of micaceous iron, soiling tlic fingers when toucluMl, 
and enclosing fragments of more compact ore, many of whicli 
have a concretionary structure. The harder ha 3 matite, locally 
known as blast ore, is entirely employeil for smelting purposes, 
while the softer variety, sometimes known as smiiiy ore, is much 
used for the purpose of forming the bottoms of piuhlling furnac<^s. 
Some of the harder ores of the Furness district exhibit very distinct 
lamination, and concretionary nodules of hseinatitc are met with 

M 2 
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which, on being broken, are found to contain a nucleus of limestone. 
No fossils have ever been found in the soft crystalline ore of 
Furness, but large numbers, all belonging to the Mountain Lime- 
stone series, occur in the more solid ores of Lindal Moor. It would 
appear probable that the hsematite which now fills the basins and 
hollows of the Carboniferous Limestone, was originally deposited in 
the form of carbonate of iron. It will be easy to conceive that, on 
a solution of this substance in water containing carbonic acid 
coming in contact with limestone, the carbonate of iron would be 
deposited, and its place in the solution occupied by carbonate of 
lime. When the carbonate of iron had been thus formed, its 
change into hiematite was probably effected by a process somewhat 
analogous to that by which sidcrite is so often seen to become con- 
verted into brown iron ore. That a portion at least of the hsematite 
has replaced carbonate of lime becomes evident from the fact that 
numerous fossils of the Carboniferous Limestone have been found in 
the ore, and that some of them have only been partially converted 
into oxide of iron. 

It is somewhat difficult to conceive whence the iron forming 
such numerous ferruginous deposits could have been derived, but 
Mr. Kendall suggests the Coal-measures as the probable source from 
which this metal originally came. He further remarks that it 
is well known that the sandstones and shales belonging to this 
formation contain a large percentage of iron ; and as these rocks at 
one time probably overlaid the Carboniferous Limestones of tlie 
haematite-producing districts, he thinks it not improbable that a 
large proportion of the iron in the limestones may be the result of 
the percolation of waters, charged with carbonic acid gas, through 
superincumbent beds which have been since removed by 
denudation. 

In 1881, the production of red hsematite in Cumberland was 
1,615,635 tons, while tliat of Lancashire amounted to 1,189,836 
tons. 

Ironstones of the Coal-measures.— The clay ironstones 
of the Coal-measures, which have so largely contributed to the 
prosperity of the iron trade of this country, often form layers of 
more or less regular nodules enclosed in beds of shale and clay 
belonging to that formation. They occasionally coalesce into 
beds, which are seldom of any considerable extent or thick- 
ness. These nodules consist essentially of carbonate of iron, 
associated with varying proportions of the carbonates of lime and 
magnesia, together with a certain amount of argillaceous matter ; 
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they also usually contain a little carbonate of luaiiganose. Such 
nodules are often concretionary, and contain fresh-water shells, 
remains of fish, fragments of plants, and other fossils. The 
concretions are sometimes of such small size that they have 
received the name of inns, ‘pciwiystoncs, and other similar appella- 
tions; occasionally they are hirge splieroidal masses exceeding a 
foot in diameter. The larger nodules are frequently divided by 
irregular cracks wliich are usually filled by such minerals as 
calcitc, quartz, iron pyrites, chalcopyrite, blende, and galena. 
Millerite or sulphide of nickel and mineral tallow occur together 
in the nodules of clay ironstone of Glamorgansliire. When re- 
cently broken, nodules of ironstone commonly exhibit a light grey 
or bluish tint, which on exposure to the atmosphere rapidly 
becomes brown through oxidation. 

Ores of this character almost invariably contain phosphoric acid, 
of which the proportion occasionally exceeds one per cent. Clay 
ironstone sometimes exhibits the regular structure known as cone 
in cone, in which case the seam has a tcjidency to divide into cones, 
tlie bases of which are towards the top and bottom of Iho bed, 
while their apices are directed towards the centre. The English 
coal-fields most })lentifully supplied with ores of this class are 
those of Statfordshirc, Shropshire, Yorkshire, and Derbyshire ; 
while but little is found either in Northumberland, Durham, or 
Lancashire. Olay ironstones are worked both in North and South 
Wales and in Scotland. They arc sometimes brought to the surface 
through the pit enqjloyed for extracting the coal, but at others they 
are obtained by entirely independent workings. To give fiie names 
only of all the numerous localities which have in this country 
furnished clay ironstone from the Coal-measures, would occupy 
more space than can be devoted to the subject ; but a brief notice 
of one or two of the more productive localities may, nevertheless, 
not be out of place. 

In the northern district of Yorkshire, the lower scries of the Coal- 
measures is developed to an extent not observable in the soutli by 
the occurrence of beds of coal and ironstone which have given rise.* 
to the establishments of Low Moor, Brierley, Bowling, &c., celebrated 
for the production of the best iron made anywhere in Great Britain. 
Coal-measure ironstones are alone employed in this district, and 
are principally derived from two groups of strata, known respec- 
tively as the White-Bed Mine and tlie Black-Bed Mine ; a third, 
called the Brown Rake, was also formerly worked. The ores are 
not without pho.sphorus, and neither their abundance nor their 
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quality can have materially contributed to the celebrity of the 
iron produced. This superiority appears due rather to the care 
bestowed on every stage of its manufacture, and to the great purity 
of the fuel employed, than to any excellency of the ore treated. The 
coal used is obtained from the seam called the Better-bed,” which 
lies beneath the ironstone, and attains a thickness varying from 
one foot eight inches to two feet ; it differs from ordinary coal in 
its remarkable freedom from pyrites, and is exclusively made use of 
for the processes of refining, puddling, &c. 

An average section of the measures in this district is given in 
the following table.^ 

^ Top flats. 

I IjOw flats. 

White-bed Ironstone, Bkierley. White balls. 

j Middle balls. 

I Low measures. 

( Top balls. 

I Flat stone. 

Black-red Ironstone, Low Moor. ) Middle balls. 

In 18 bcMls. I Rough measure. 

i Low measure. 

Basset stone. 

ft. in. ft 

Iloyd’s or Black-bed coal 1 4 to 2 

Various mcasurcis — 

Roof of coal, black slialc, with numerous fish r(}- ) 
mains, and small white nodules of ironstone . . j 

“ Bcttcr-bed coal 1 4 to 2 

** Floor” of indurated clay, with small .scales of white 
mica. 

Various measures 150 

Flagstom; exported for Loudon pavement. 


. in. 

a 

0 

0 

0 


The upper or White Bed is characterised by the pale drab 
colour of the majority of its courses, even when they occur in bands 
of dark shale. The Black Bed exhibits the ordinary blackish-grey 
tint of clay ironstone, and occurs in detaclied nodules of varying 
dimensions. 

In South Yorksliire, extending from Parkgate near Rotherham 
to Tankersley, and onw’ard to tlie west of Barnsley, numerous 
outcrops of important beils of ironstone may be traced. Whenever 
these beds come to within a short distance of the surface they are 
actively worked by means of Ml pitSj which are small, shallow 
shafts numerously distributed at regular intervals along the strike 
of the beds. This system of working, in conjunction with its 
frequently accompanying open cuttings, often imparts a strange 

**Iron Ores of Great Britain,” Mamirs of the Geological Survey, 1856, part i. 
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aspect to the country. The pits and irregular openings thus ex- 
tending over considerable areas, render them totally unfit for 
cultivation, and these old workings having been planted, the line 
of outcrop of the ironstone is often distinctly indicated by the bedts 
of trees. 

The more important of the ironstone beds worked in the West 
Riding are comprehended within a thickness of about 1,000 feet 
of measures extending between the Barnsley Thick C'Oal and the 
Silkstone ; they are known as the Swallow Wood, Lidgate, Tan- 
kersley, Thorncliffe Black Mine,^ Thornclifle White Mint', and Clay 
Wood Mine. 

The Derbyshire coal-field being the extension, soutliward, of 
that of Yorkshire, many of the same seams may be traced con- 
tinuously over a large area. The ironstone beds, however, usually 
l^ossess less persistency of character than tlu' coal-seams, and 
comparatively few of them continue to be })roductive throughout 
the whole length of the county. On the contrary, many of the 
seams of nodular ironstone, locally called “rakes,” which in certain 
districts arc extensively worked, are found, within a comparatively 
short distance, cither to thin out, or to so deteriorate in (juality as 
to be unworkable. 

Tlie total thickness of the Derbyshire Coal-measures may be 
taken at about 2,000 feet, including the very ]>roductivc seams 
of the Pender Park, Staveley, and the Cement Rake and Brown 
Rake of Alfreton and Butterley. The Dog-tootli Rake (d' Chester- 
field, 24 feet in thickness, is one of the most important iji this 
ficild, and is remarkable from the fact that one or iiion^ of its IkmIs 
are almost entirely composed of fossilized shells oi Anthrdroaia, This 
shell, probably of several species, is found in great abundance in 
all the ui)per beds of ironstone. In some of the lower measures, 
it is either less numerous or is altogether wanting ; among the 
very lowest, however, it again appears. 

With regard to the prolongation of these beds southward, mu(b 
confusion has arisen from the same name having bi.*en givcTj to dis- 
tinctly different beds, yielding ores of a somewhat similar charachT. 
The Three-quarter Balls form a very productive seam below the 
Furnace Coal at Clay Cross. Many of the lower ironstones contain, 
in addition to bivalve sliells, the remains of various coal plants, 
which frequently form the surface of a noduhi, and have b(}Conie 
completely converted into iron ore. The balls of ironstone in this 
neighbourhood are often pierced by small tubular hollows left 

^ In tlie iron districts the word mine is often used as synonymous with otc» 
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by rootlets of stigmaria, which are sometimes filled with blende. 
The most remarkable of all the ironstones of the district is the 
Black Shale Rake, which is nowhere so well exposed as at Hady, near 
Chesterfield, where it has been long extensively worked for the use 
of the blast furnaces at Staveley. At this place it consists of 
two distinct bands of grey shale respectively 15 and 21 feet in 
thickness, loaded with numerous rows of ironstone nodules, and 
separated from one another by 12 feet of unproductive shale. 
Among the ironstones of this deposit the ‘‘ cheeses are remarkable 
for the symmetrical cracks caused by contraction ; these arc mostly 
filled with carbonate of lime, containing iron and magnesia, but 
open cavities lined with crystals of blende are of frequent 
occurrence. The “ Old Man” and “ Old Woman” are compact grey 
ironstones with a somewhat conchoidal fracture which exhibit 
numerous cracks, and these, in addition to impure carbonate of 
lime, contain well-defined crystals of blende and galena. Copper 
pyrites and iron pyrites soim^timcs occur in the same way, and not 
unfr(‘quently occupy the hollows left around the casts of fossil 
shells. The upper measures of the Dale Moor Rake, the lowest 
known in the Derbyshire coal-field, yield an ironstone of a light 
drab colour, which is remarkable for the number of plant re- 
mains, particularly rootlets of stigmaria, which it encloses. The 
“ Bottom Balls ” are especially remarkable for containing a large 
number of entire fishes, usually from four to seven inches in length, 
belonging to tlie gen(*ra raJawdsciis and Plaiysonnis. The large 
number of courses in these lower ironstone measures, together with 
the great thickness of the shales in which they occur, renders it 
necessary to work them by 02 )en cuttings on a very large scale. 

The yield of ironstone per acre must necessarily dcq)end on the 
thickness of tlie nodules in the measures and the closeness and 
regularity of their distribution. The Tankersley Mine, in Yorkshire, 
a bed of shale about six feet in thickness, contains from twelve to 
fifteen inches of ironstt)ne, and yields, on an average, 2,000 tons per 
acre. At Parkgate the Old Black Mine, 11 inches thick, yields 
1,500 tons per acre, while the Clay Wood Mine, only five and a half 
inches in thickness, produces from 1,500 to 1,600 tons per acre. In 
Derbyshire, at Butterley, the Brown Rake, consisting of three thin 
measures of ironstone in a band of shale, of the total thickness 
of four feet six inches, yields 2,500 tons per acre. 

The Chesterfield Black Shale Rake, which is the most productive 
in the district, consists of twenty bands of ironstone nodules 
varying from half an inch to two and a half inches in thickness. 
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interspersed through about thirty-seven feet of shale. The total 
thickness of ironstone is about twenty-eight inches, and this affords 
a yield varying from 4,000 to 7,000 tons per acre. 

The annual production of Coal-measure ironstones in Yorkshire 
and Derbyshire is, respectively, about 330,000 and 60,000 tons. 
The largest quantity of ironstone of this class raised in any one 
county is, however, obtained from Staffordshire, wliere the annual 
production somewhat exceeds 1,700,000 tons. In North Slafibrd- 
shire blackband ironstone occurs in beds varying from four to nine 
feet in thickness. 

Iron Ores of Mesozoic Age. — Tlie marlstonc bed forming 
the highest portion of tlie middle Lias series is often ferruginous, 
and in certain localities constitutes a valuable ironstone ; it some- 
times attains a thickness of over twenty feet. In many respects 
tlie ore resembles that from the Northampton sands; excepting 
that instead of being siliceous it is somewhat calcareous. This 
ore has been woiked at Adderbury, Steejile Aston, and Fawler 
near Stonosfield, Oxfordshire. 

Brown hsematites of a sonuiwhat sandy and impure (‘haracter 
occur in the Lias, Oolite, and Lower Greensand formations, and are 
found almost continuously from the northern parts of Wiltshire to 
the Wolds of Yorkshire, jiassing through Oxfordshire, Northampton- 
shire, and Lincolnshire. This ore usually jiresents the appearance of 
a brown ferruginous oolitic rock, which has sonu'timos a greiuiish 
tinge when freshly brok(in. Tlie most inqiortant of thtisc* deposits 
is that at tlie base of the Inferior Oolite (zone of Ainwmiik^i Mur- 
cliisoniur), which extends from tlie neiglihourhood of Banbury through 
Northamptonshire. These ores, although of low (piality, admit of 
being raised at a very cheap ratii, and besides being smelted upon 
the spot, are largely exported to Staffordshire and South Wales. 
The ferruginous beds, which usually rest directly on the Upper Lias 
Clay, are the equivalent of the Dogger of Yorkshire ; the good 
ore seldom exceeding from eight to ten feet in tliickness. The 
Northamptonshire sand is worked for iron ore at Blisworth, Duston, 
Wellingborough, Coggenhoe, Glendon, Finedon, Gay ton, Brix worth, 
Woodford, Islip, &c., in Northamptonshire, at Steeple Aston and 
Hey ford in Oxfordshire, and at Neville Holt in Leicestershire.^ 
Although the larger proportion of the Northamptonshire iron 
ores are essentially hydrated peroxides of iron associated with sand, 
scales of mica, and sometimes a few minute spherules of magnetite, 
a certain amount of carbonate of iron is also generally present. 

^ H. Bauernian, MetalHrgy of IroUf 1882, j). 89. 
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The inner portions of concretionary masses of this iron ore often 
consist, for the most part, of carbonate of iron, while the outside 
is entirely composed of brown haematite, the latter having 
evidently been derived from the former tlirough the action of 
atmospheric influences. Analysis shows that the greyish mineral 
of the Northamptonshire ores contains from GO to 80 per cent, 
of carbonate of iron, with from 10 to 25 per cent, of insoluble 
matter chiefly consisting of sand and siliceous oolitic concretions. 
Besides these, but existing in smaller proportions, are the 
carbonates of lime and magnesia, with carbonaceous matter, water, 
sulphur, and phosphorus. The last of these bodies is, unfor- 
tunately for the value of the ore, invariably present, and frequently 
in considerable quantity. 

Mr. S. Sharp has noted the following divisions of the beds in 


the Northampton district i — 

Feet. 

4.— White or grey sand and sandstone, sometimes 
quarried as building-stone, containing a 

plant-bed 12 

3. — Thin ferruginous sandstone and shelly ferru- 
ginous beds, very variable, being sometimes 
(mtircly calcareous, at others consisting of 

white sand and sandstone 8() 

2. — (^arse oolitic limestone 4 

1 . — Ironstone beds containing Ilynchonella varia- 

hills, 11. cynocei^luda.Aimnonitcs lnfro7is,&c. . 35 

lT]iper Lias Clay. 


At Banbury the beds are only twelve feet in thickness. 

The Northamptonshire sands include the lower estuarine 
series of Professor Judd, which comprehends the brown and white 
sands with argillaceous beds and plant-remains occurring above the 
fossiliferous beds of ironstone. It would appear from the investi- 
gations of this geologist that, although in the southern part of 
Oxfordshire and in South Northamptonshire the Northampton 
sands are the equivalent of the loAver zone of the Great Oolite 
and of part of the Inferior Oolite, in the northern part of North- 
amptonshire and in Lincolnshire they include the lower estuarine 
scries, and occur beneath the Collyweston slates and Lincolnshire 
limestone of the Lower Oolite. In Wiltshire the same ore 

^ “ The Oolites of Northaiuptonshiie,’’ Q'liart. Jmr, Geol, Soc, vol. xxvi. 1870, 
p. 854. 
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occurs in the Coral Rag, and in Buckinghamshire in the Lower 
Greensand. In the latter locality the bed is not continuous, hut 
nodular masses of limonite are scattered through a stratum of 
brown sand about fifty feet in thickness. The nodules of ironstone 
are frequently hollow and enclose loose white sand. After a 
careful study of the district, Professor Judd has arrived at the 
following conclusions relative to the origin of the sands and iron 
ores of Northamptonshire.^ 

** We find in what is now the midland district of England, and 
at a period sejiarated by a long interval of time from that of the 
last deposit in the area., the Upper Lias Clay, that a number of con- 
siderable rivers, flowing through the Palaeozoic district lying to the 
north-west, formed a great delta. Witliin the area of this delta the 
usual alternations of marine, brackish water, and ierrctstriid con- 
ditions occurred, and more or less irregular accumulations of sand or 
mud in strata of small horizontal extent, took place. Siibse(|uently, 
and probably in consequence of the gradual depression of the area,, 
the conditions were changed, and in an open sea of no great depth 
by the abundant growth of coral reefs and the accumulation of 
dead-shell banks, during enormous periods of time, the materials 
of the great dt‘]K)sits of the Lincolnshircj Oolite limestone were 
formed. On a re* elevation of the area tlie former estuarine 
conditions were also re-produced, and similar deposits, but of an 
argillaceous rather than an arenaceous character, were formed. 
Confining our attention to the earlier of tliese two estuarine series, 
that of the Northampton sand, we must imagine the beds as being 
carried down to great depths in the eartli by the deposition uj)on 
them of the superincumbent strata. But at the same time 
another most important cause has come into opeiatiim, namely, 
the passage through some portions ol* the rock of subterranean 
water containing carbonate of iron in solution. By this agent, 
carbonate of iron was deposited in the substance of the rock, 
while portions of the siliceous and other materials were dissolved ; 
and these entering into new combinations, wctc in j)art re-deposited 
in the mass of the rock in the form of oolitic grains, and in part, 
probably, carried away in solution. During the existence of tlie 
beds under a great pressure of overlying rocks, they would like- 
wise become consolidated and jointed. These metamorphic 
processes would probably take place with extreme slowness and 
may possibly be still going on, where the rock remains deep seated 
in the earth ; by their means, portions, greater or less, of the sandy 
^ Geology of Rutland,” Mem. Ocol, purvey, 1875, p. 130. 
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strata, but always those resting immediately on the impervious 
Upper Lias Clay, would be gradually converted into solid and 
jointed rock beds, composed principally of carbonate of iron. The 
next stage in the course of alteration in these rocks would 
commence when, by the action of denudation, portions of them 
were brought again near the surface so as to be traversed by the 
atmospheric waters entering them as rain, and passing away from 
them as springs. The action of this water is, as we have seen, to 
remove the carbonic acid and soluble salts, to change the protoxide 
of iron into hydrated peroxide and to re-distribute it in such a manner 
as to produce the remarkable cellular structure of the rock, and 
also the mainillatcd, botryoidal, and sculptured surfaces. Finally, 
by mechanical, as distinguished from chemical, sub-aerial denu- 
dation, the beds of Northamptonshire iron ore nearest the 
surface are disintegrated and broken up, and the softer and less 
ferruginous portions to some extent carried away in susi)ension, 
and thus deposits composed of the harder and denser materials 
formed, constituting the bed usually worked as an iron ore.’* 

The history of the working of the ores from the Oolite of the 
Midland district is a somewhat remarkable one. There is evidence 
that as long ago as the Roman occupation of the country these 
beds of iron ore were extensively worked, since in a wood near 
Oundle, heaps of broken ore, piles of the same ore after calcination, 
and very large quantities of slag are found associated with Roman 
coins and f)ottery. It is further known, from existing documents, 
that during later times Rockingham Forest vied with the Weald 
of Kent and Sussex as an iron-producing district. In both these 
areas the presence of beds of iron ore in the close proximity of 
an almost unlimited supply of timber, had, at an early dfite, led to 
the erection of numerous forges of the kind then employed for 
the manufacture of iron. Throughout nearly the whole of the 
Northamptonshire district large accumulations of rich iron slags 
arc still met with. They arc dark in colour, very heavy and 
compact, and apparently contain a large proportion of the iron 
originally present in the ores treated. 

The re-introduction of the Northamptonshire ore into the 
iron trade is of comparatively recent date, and is principally due 
to the exertions of Mr. S. H. Blackwell, of Dudley. In the 
year 1851, Dr. Percy directed the attention of this gentleman to 
a specimen of iron ore which he had received from the district 
in question. Mr. Blackwell thereupon inspected the locality, and 
his investigations resulted in the discovery of an extensive deposit 
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of ore, the importance of which to the iron trade of the present day 
is very great. 

In Lincolnshire, iron ore occurs in the Lower Lias limestones 
and shales characterised by a great abundance of Gryphcca armata. 
The ironstone bed, which is 27 feet in thickness, is worked at 
Scunthorpe and Froddingham in the northern part of the county. 
Two beds of ironstone, measuring respectively 4 and 8 feet in 
thickness, are met with in North Lincolnshire, and are probably 
the equivalent of some of the Cleveland ironstones. The Marl- 
stone rock yields a good ironstone in some parts of South Lincoln- 
shire, and evidence still exists of its having been formerly 
worked. 

The Northampton-sand ores Tvere in former times extensively 
dug in South Lincolnshire, but at the present time no workings 
in this formation are being anywhere carried on within the limits 
of the county. 

The Ironstone Junction Bed at the base of the Upper Estuarine 
series, the equivalent of the Stonesficld Slate of the south of 
England, is a band of good ironstone about a foot in thickness, 
which has been worked at various times, although not recently. 
A few years since a considerable amount of ironstone in the form 
of balls was obtained from the Groat Oolite Clay at Overton, 
near Peterborough, but the workings have been abandoned in 
consequence of the largo amount of waste materiiil it was found 
necessary to remove. 

In the beds of the Tealby series. Middle Neocomiari, is found a 
brown oolitic ironstone in a bed averaging nearly six and a half feet; 
in thickness ; this ore closely resembles that worked near Salzgitter 
in Hanover, and is of the same geological age. Fossils arc extremely 
numerous in this deposit, and the ore, which is highly calcareous, 
contains from 28 to 33 per cent, of iron. It is much used for 
mixing with certain clay ironstones from Yorkshire. 

The Upper Sandstone Shale and Coal of Professor John Phillips, 
probably of the age of the Great Oolite, contains, in Yorkshire, 
bands of ironstone in nodules, some of which have been formerly 
worked. The Lower Sandstone Shale and Coal of the same 
author, -equivalent to the upper part of the Inferior Oolite, also 
contains similar nodules. 

The celebrated ironstone of Cleveland occurs in the Middle 
Lias, and is divided by bands of shale and pyrites into several 
beds. Where best developed it has a total thickness of above 
twenty feet, the two principal beds being known respectively as 
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the Pecten and Avicula seams, from the prevalence in them of 
fossil shells belonging to those genera. 

The usual colour of the ore is a dull bluish-green, arising from 
the presence of silicate of iron ; its structure is oolitic with numerous 
interspersed fossils. As raised from the mine these ores contain 
from 28 to 32 per cent, of iron, and the beds worked extend, 
inland, from Redcar to Eston near Middlesborough, on Tees. At 
Eston the main bed attains its greatest thickness, presenting 
in some places a section of nearly twenty feet of undivided iron- 
stone. From Eston the bed gradually, but slowly, thins off towards 
the south-east, but in the opposite direction this takes place 
more rapidly. The whole of the workable Cleveland ironstone is 
in the highest part of the Middle Lias, the yield per acre varying 
from 20,000 to 50,000 tons. 

The “Dogger” includes the lower part of the Inferior Oolite 
and the sands below it ; and in some places, as at Rosedale, 
these form a rich iron ore. This ironstone, which is magnetic and 
polar, sometimes contains as much as 50 per cent, of iron, and 
has a greenish, blue, or black colour, with the imperfect oolitic 
structure observable in un weathered specimens of Northampton- 
sand ore. 

The production of iron ore in the Cleveland district during the 
year 1881 amounted to 0,538,471 tons. 

That of Northamptonshire was 1,270,544 tons; of Lincolnshire, 
1,021,500 tons ; of Wiltshire, 39,222 tons ; and of Oxfordshire 
8,014 tons. 

Shropshire. — Shelve, a remote parish in the western part 
of Shropshire, is situated in the centre of a tract of country 
where Silurian strata of Llandeilo age arc prominently developed. 
Although the stratified rocks in the district around Shelve 
principally belong to the Llandeilo formation, they are to some 
extent surrounded by a fringe of Upper Llandovery and Wenlock 
deposits, which repose unconformably upon them. On the east the 
Llandeilo and the Lingula Flags rest on the Cambrian strata of the 
Longmynd range.^ 

The strata of the Lower Llandeilo series are of a very uniform 
character, consisting of fine-grained shales which vary considerably 
in hardness, but which never present any indication of slaty 
cleavage. When first brought to the surface out of the mines 
the fracture of this rock exhibits a massive slaty character, but 

^ Gr. H. Norton, ** The Geology and Mineinl Veins of the Country around Shelve, 
Shropshire,** Proc, Liverpool QeoL Soc. September, 1869. 
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after being for some time exposed to the action of the atmosphere 
it splits along its planes of bedding, and assumes the appear- 
ance of a shale. At the surface is principally a soft, splintery 
shale, but in the vicinity of the numerous greenstone dykes it 
frequently becomes a hard slaty rock. Generally speaking, the 
strata are nearly black, although shales of a light shade occur 
with less frequency ; while in certain localities thick flagstones are 
interstratified with the other rocks. The lead veins of the Shelve 
district have probably been worked, at vaiious intervals, from a 
period shortly after the Koman occupation of Britain, as the 
discovery of pigs of lead bearing the inscription of Imp Hadkiani 
Aug. shows that, at the Roman Gravels Mine, ore was being raised 
and smelted early in the second century of the (fliristiau era. 
The only extensive ancient excavations arc those at the Roman 
Gravels Mine, which still continues to be the most productive in the 
district. These openings originally consisted of three cuttings 
following the course of the Sawpit, Roman, and Second North 
Veins, and extending in the form of furrows up the hill side and 
over its crest. Those on the outcrops of the two first named veins 
are still distinctly traceable^, but that on the Roman Vein is by 
far the most important excavation. In its present condition, this 
presents the appearance of a deep trench extending up the side, 
of the hill, continued over the top, and, finally, ending in a scries 
of shaft-like openings, of which the mouths have generally falhm 
together. At the end of the main opening, which is about 100 
fathoms in length, the lode has been followed underground, and its 
contents worked out. The widtli of the vein, where it is visibh‘, 
is from 2 to (> feet, and tlic open workings on the back vary 
from 25 to 50 feet in de])t]i. Lower down in the mine the 
width of the lode varies from six inches to ten fecit. Immediatc^ly 
beneath the point at which the ancient miners finally suspended 
their operations, a large mass of galena was found. 

There are five different lodes at this mine, all of which are 
comprehended within a strip of ground not exceeding 370 yards 
in width ; these are named, respectively, the Spring, Sawpit, 
Roman, First North, and Second North Veins. The Second 
North and Roman Veins run nearly parallel to one another ; 
both having a direction N. of W. and S. of E., with a dip towards 
the N.E. The First North, the Sawpit, and the Spring Veins 
are also nearly parallel, but take a more westerly course. The 
First North Vein has a S.W. dip, while that of the other two 
is in a contrary direction. Both the Sawpit and Spring 
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Veins are intersected at a small angle by the Roman Vein, 
The lodes are to a large extent composed of calcite with a 
certain amount of quartz, and in addition to galena they contain 
blende and iron pyrites ; but few druses are found in them, and 
well crystallized minerals are of rare occurrence. At the Oven 
Pipe Mine in this district the lode sometimes contains small 
cavities enclosing bitumen. 

The Roman Vein is by far the most important, and, in modern 
times, has yielded fully seven-eighths of all the ore which has 
been raised from the mines. It is still producing a considerable 
quantity of lead at the depth of 100 fathoms below the surface. 
None of the veins have ever been worked more than a few fathoms 
beyond the road leading from Bishop's Castle to Minsterly, 
as the strata there change from a hard slaty rock into a soft shale, 
in which they die out. A dyke of eruptive rock traverses the 
Roman Vein and hardens the rock in its vicinity. This vein has 
been followed in a south-easterly direction, and was lost in soft 
shales as at the other extremity. 

During the year 1881 the Roman Gravels Mine produced 2,921 
tons of lead ore, of the value of £28,109. 

Next after the Roman Gravels, the most important mine of the 
Shelve district is Snailbeach. This, which is a very old working, 
is situated to the north of the Gravels Mine, has been wrought for 
a long period, and, after liaving been with the Bog Mine, now 
abandoned, the richest in the neighbourhood, still yields a con- 
siderable annual return of lead. 

The workings are exclusively confined to one large lode, 
although the existence of another to the south of it, and conse- 
([uently called the “ South Lode," has been satisfactorily established. 
The country rock is a hard, quartzose, slightly micaceous schist, of 
a greonish-grey colour, and of Llandeilo age, which dips W.N.W. 
at an angle of 60°, conformably with the Stiperstones ; the strike 
of the bedding ranges N. of E. and S. of W., parallel with the 
Longmynd system. In the western part of the mine there are 
alternations of soft shale with the harder rocks. 

The average bearing of the lode is nearly true E. and W., 
but for short distances it varies considerably from this course. It 
crops out in the side of a hill facing the north, under which it dips 
with a tolerably regular underlie of two feet in a fathom; its 
richest portions usually bearing nearly E. and W. The levels 
on the course of the lode are fifteen fathoms apart, and are con- 
nected with a shaft about 200 fathoms in depth, by cross-cuts. In 
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length the workings have been extended 400 fathoms oast and 
200 fathoms west of the shaft. 

The line of junction between the lode and the bedding of the 
strata dips west at an angle varying from 45° to 55° with the 
horizon ; this is precisely the dip of tlie shoots of ore, which ari‘ 
remarkable for their regularity. A section showing t.lu' geiienvl 
arrangement of tlie shoots of ore in this lode is given in Fig. :h2, 
page 50. Six principal shoots of ore have bc'en tlis(*ovei\‘(l at 
Snailbeach, and at a point west of the sliaft the ore was, in one 
level, as much as 75 fathoms in leJigth ; still further WH'st, the 
alternations of soft shale with micaceous schist corrc'sjxmd with 
the complete impoverishment of tlu‘ lodi‘, wliich becomes of no 
value in those solt bands. In its riclaa- portions its width sonm- 
times readies ten feet, but whmi ])assing through sliah^ it is 
usually very small as well as unproductive. 

The princiiial constituents hlling the vein lissure luv calcite, 
which is often well (uystallized, and forms a largi^ jiortion of tht‘ 
veinstone ; quartz, which is not of common occiirrmici^, and is chidly 
found when*, tliii vein is enclosed in a hard silici'ous ro(*lv ; and 
fragments of country rock, which are often (‘iiclosed in the vi*in. 
Its iiK^talliferous constituents are galena, both iiiu'-g rained and in 
large*, facettes, both varieties bi'ing poor in silver, bli'mh^ of two 
kinds, one conqiact with a brown colour, and llu^ oth(‘r libroiis, a.nd 
of 11 yellowish lua*, togc‘ther with ordinary iron pyrit(‘s. bitu- 
minous matter has been found in small n(‘sts in the* Snailbeach 
lode, and tlie same substance; abounds in a vc‘in, which was workc‘d 
some seventy years ago, near Ponteslmry. ^\t Snaillieach the lodt* 
even in its richest jiarts atfords but a. small jiropoiMion oi‘ massivi; 
ore, and conse(|uently nearl}^ the whole of the. haad-pvoilucing 
material brought to the surface is sul)jc(;t,ed to tin* o])erations of 
crushing and washing. The yield of tin; Snaillieacli miiu^ 
for the year 1881 amounted to ],h4() tons of lead ore, of a value 
of £18,500. 

CiiKSllJUK. — The copper min(‘s of Ald(‘rh‘y Edge and Mottram 
St. Andrews arc situated in (Ihesliire, about four niil(*s north 
of the town of Macclesiield. The t*scar])m(‘nt or ‘"Edgi*” at 
Alderley rises gradually from the east(*rn side of the ])lain of 
(yheshire towards the east, hut forms an al)ru])t ildge towards tlu; 
north. This ridge has Ixam U])lieav(‘d along the lim; of a large 
fault bearing oast and west, and throwing down the Red Mai l on 
the one side, and on the other bringing u]) tin* soft saiidstcue of 
the Bunter, capped hy a wall-like (-scarirnKuit of Low(;r Kc iijX'r 

N 
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conglomerate which often breaks out conspicuously from among 
the trees with which the side of the hill is covered. The beds 
rise from the plain towards the east at an angle of from 5'* to 
10°, and the escarpment is continued for some distance southward 
facing the (jast. 

Tlie general form of the Edge and its component beds is 
shown in Fig. 51, after an illustration of Professor Hull, who first 
determined the. true horizon of the copper-bearing sandstones 
of this locality.^ 


Succession ok JIeds in Descendinc Oudei:, 
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The metalliferous beds aie those marked at the base of the 
Ktuiper series ; the former of these, besides containing ores of 
copper and otluT metals, is somewhat remarkable for its petrological 
peculiarities. It consists, gemn-ally, of a wliitish, firmly-ceinentcd 
conglomerate chielly com]>osed of well-rounded pebbles of (piartz, 
in all respects similar to those which octnir so constantly in the 
Pehhle-beds of the Punter, (kipper, in Ihe form of green and 
blue carbonates, is di.s.seminatcd throughont the cementing material 
of this rock, at Alderley Edge to a very small extent only, 
but in considerably larger quantities at Mottram St. Andrews, 
about a mile to the north-east of the Alderley Edge workings. 
The position of the conglomerate at Mottram, so far below and 
beyond the base of its contemporaneous beds at Alderley, is 

^ Edward Hull, “ On tin; Cop|x*r-b«‘anng Hocks of Aldcrh'y Edge, Cheshire,’' 
Gcol, Mag., vol. i. 18(54, p. 65. E. Hull and A. II. Green, The Geology of the 
Country around Stockport, Macclesfield, Congleton, and Leek,” Mem. Gcol. Survey, 
1866, p. 39. 
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due to tlie great east and Avest fault alroavly refon*ed to, wliich 
throws down the beds to the north. The conglomerate is 
here exjiosed in a (juaiTy, in which, twenty-fiv'e years ago, copper 
was first discovered in the district. For some years systematic 
mining was carried on in this locality ; the copper-bearing material 
being rcmoA^ed through a sc'ries of numerous sliallow shafts. The 
results obtained Avere, hoAvever, commercially unsatisfac'.tory, and 
the Avorkings Avere therefore abandunc'd. 

The beds formerly Avorked at Alderley Ii(‘ above tlie band of cum- 
glomerate, and are marked Ir in the section. Tlie impregnation of 
copper minerals is confined to a breadtii of some* forty to fifty feet, in 
three beds of sandstone, and bc'vond this Avidth the cu]>riferous 
impregnations rapidly die out on cdtlun’ side. Tlie sandstone, Avliich 
exhibits a uniformly soft texture^, is st aim'd along a. seric's of 
imperfectly defined layers AAdiich .are variously colonrcal gremi, him', 
red, or brown, in accordance? Avdtli tlie nature and state ol 
combination of the metals jirescnit in largcist cpiantity. In addition 
to co])per these sandstones contain sulpliate of barinni and small 
([uantities of lead, manganese, iron and cobalt. The lead is prc'sent 
cliiefly in the t'onn of cc'iussiU', Imt. galena, pyromorphite and 
vanacliniti? are also met Avitli. 

The JoAvest of thi' three metalliferous hods is somedinu'S as much 
as sixty-six feet in thickness, hut it varies considenihly in this respect; 
it di})s at an angle of about }2\ and it lias Ix'cn Avorki'd down- 
Avard for a distaiiee of about dOO fatlioms. 

AboAT this, Avliich is knoAvn as No. I lied, lios a seam ol edayey 
sandstone varying in tliickne.ss from om? toot to six leet-, and n]>ori 
this rests the metalliferous bed No. 2, Avliich is IS iec't. tliiek and 
coA'^ered by about twelvi* feet of red clayey sandstone?. Above? this 


sandstone is bed No. Jl, also IS fc'et in thictkiicss, hut which 
has not been extensively Avorked. Tlie sciction ol the? beds 
in 1864, at the face of the Avorkings, Avas as follows : — ^ 

KatlioniH. 

Surface clay and red sandstone . . . .17 

No. 3 bed 

Red clayey sandstone 2 

No. 2 bed 

Blue clayey sandstone 1 

No. 1 bed J£ 

Total 37 fathoms. 


^ G. C. OiTenwell, “ On the Co])per Sandstone of Ahleilcy Oliesliire,’' 

Proc. /S'. Wales Imt. of Engineers, vol. iv. 1866, p. 44, 

N 2 
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The average amount of copper contained in the workable 
portion of the metalliferous sandstone is about 1*4 per cent., with 
traces of cobalt. 

These niines were worked for many years with considerable 
success, but the lease having expired in 1877 and the yield of 
copper having somewhat fallen off, the workings were suspended, 
and have not since been resumed. At this mine, the copper- 
bearing sandstojie was drawn up an inclined plane, by a drum 
attached to the main shaft of an engine connected with a Cornish 
crushing mill. After having been (coarsely ground, witliout sifting, 
the sand was taken to a number of tanks with perforated false 
bottoms, in wliich it was treated with dilute hydrochloric acid. 
Filh^ring rapidly through the ground sandstone the dilute acid 
collected in thc^ chamber beneath the false bottom, from which it 
was constantly ])uriip(H] and distributed over the surface of the 
ore. The ])umping was continued until the whole of the soluble 
copp(T salts had bt^m dissolved, the metal being afterwards 
pro(;i})itated by the introduction of sciup iron into the liquors 
drawn off into suitabhi rc^ceivias. The rc‘sultiiig c()i)[)er precipitate 
was sold to ( topper smelters in the usual way. 

liquors containing ferrous (ddoride, fVorn which the copper 
had been removed, contaim'd a small amount of cobalt, and an 
attc‘m])t was made to recover that metal in the following way. 
The sptmt liquors from the j>ri\-i])itai.ion of (J 0 })per were run off 
into a la-rgi' reservoir, where, after having Ix'en allowed to oxidise 
by exposure to th(‘ air, milk of lime was added. The precipitate 
ihus })roduced contained arsejiitt as well as cobalt, and was smelted 
for speiss in a reverberatory furnacie. The results obtained were, 
however, not satisfactory. 

An atti‘nq)t was also made to render a,vailahle the lead ores 
contained in certain bands of the sandstone which, for the most 
part, are distinct from those yielding the hulk of the copper ores. 
With this view the more plumbifcrous sandstones were ground 
between burr-stoiies, and subs(Uj[U(‘ntly w'^ashed. A very large 
pro])ortion of the ore, which is chiefly cerussite, was, however, 
found to float aAvay in sus})ension in the water, and aftm* numerous 
trials it was found that the loss of lead incident on bringing the 
ore up to a produce of 45 per cent, was so great, that it became 
necessary to al)andou the process. 

Lead Mines of tue Carboniferous Limestone. — The lead 
mines of the extreme north of England are situated in the 
counties of Northumberland, Durham, Cumberland, and Westmore- 
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Icand. Tlie surface of this portion of Groat Britain vari(‘s in 
character from extensive plains to mountains of considorahlo 
height, exliibiting in some places a richly wooiled and fruitful soil, 
while in others little is to be met with but barren hills, with more 
or less extensive pasturage in the valhws. 

Beneath the comparatively flat land in the approximate vicinity 
of the eastern and western coasts the upper nunnlxu’s of tlie Car- 
boniferous series contain valuable seams of coal, and from bem^atb 
these rise the Lead-tneasKres, consisting of various members of tlie 
Carboniferous Limestone. They ris(‘. gradnaJIy towartls the wc'st 
with an inclination greater than that of the gcaieral slope of the 
country, so that they succ(‘ssively reach the siirfac(‘ ov(‘r a hirge 
area, attaining their higluvst elevation in l]u‘ mountain of (Voss 
Fell, Cumberland. Similar outcrops occur in adjacent f(‘lls, or 
ehivated moorlands, and tlu'se, (‘xtcniding in a north and south 
direction, form the western limit of tlu* lead-mining districts of 
the north. 

The lofty range of elevak'd la-nd constituting t.Ijo Bennine 
Chain, extends from Dcabyshiri^ to tljc' (fli(‘viots, and o(*cu])i(‘s a. 
ridge of from twenty to thirty rnih's in widtii, forming tin' ccnd.ral 
])ortion (»f th(3 nortli of England. It sometimes attains a, hcn'glit of 
2,000 feet above the le\'el of tin* sea., and is formed of a. broad 
anticlinal curve, which is much brohen by larg(‘ ja.nlt.s ahnig 
its north~\vc‘st Ihink towrirds W(3stmor(‘land and Cumberland, as 
well as alo])g its wc'stern margin (‘Xtending into Staflbi’dshii’c*. (')ji 
the opposite side, throughout. Yorkshirti and J)(‘rbyshirc‘, th(‘ b(‘ds 
arc 1(388 disturbed, a,nd u.sually dip at a modmatt^ angl(3 b(3n(‘ath the 
(V)al -measures. In many parts of this range arc nuimu’ous and 
extensive lead mines, which may b(‘ c,la.ssificd into the following 
groups : — ^ 

1st. — Mining districts conn(3cte(l with tin* B.iv(*r Tyn(3, and its 
tributaj’ies, the Ncmt, the East a.nd West Alhug and tlui 
Derwent; mimoly, Alston Moor in the county oj‘ ( )umb(3r- 
land, East and West Allendah^ in the (‘ounty of Nortli- 
umb(3rland, and the Blanch land and Derwamt Min(*s in 
the same county. In addition to these, winch are dis- 
tinct milling areas of considerable extent, there are 
other vahiable lead mines situated in isolat(3d localiti(*.s, 
some of wdiich are extensively worked, in the Valley of 
the Tyne. 

^ T. Sopwitli, On the Lead Mining Distriets of tlie Xortli of P'n^^land,” Trom. 
N. Eng. Imt. Mining Enga. vol. xiii. 1864, p. 188. 
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2nd. —The extensive mining district of Weardale, occupying 
all the upper j)art of the valley of the Diver Wear and 
its tributary valleys of Burnhope, Killhope, Wellhope, 
Treshope, Dookhope, &c. 

3rd. — An extensive district in and adjoining Teesdale, the 
mines being situated chiefly in the valley of the River 
Tees, and in adjacent portions of Yorkshire and West- 
moreland. 

The maximum thickness in the north of England of the Carboni- 
ferous or Mountain Limestone is about 2,800 feet, which is made up of 
alternating strata of limestone, sandstone, and shale, while between 
them is interposed one thick layer of trap. The upper members 
of the series appear at the surflice, on the sides of the upper 
valleys of the Soutli Tyne, Wear, and Tees, forming the rocks in 
whicli the lead veins of those districts are cnc]»)sed. At Alston 
Moor, one of the principal mining centres of this part of the 
country, the aggregate thickness of the Carboniferous Limestone 
series does not exceed 1,037 le(‘t, and consists of 183 feet of lime- 
stone, 349 of sandstorns and 50.5 feet of sljaJe. 

The trap rock, or Whin which cro]>s out at the surface in 
two or three places only, may, at Alston Moor, be regarded as 
forming the base of the inoialliferous beds ; th(i lower portion of 
the Mountain Limestoiu^ is, however, visible at the surface on the 
western (‘sc^arpment of Cross Fell. 

The table on pagi‘. 183, constructed by Mr. Wallace, shows the 
composition and total thickness of the Millstone Grit, and Mountain 
Limestone rocks iti Alston Moor and the adjoining mining districts.^ 

In the Alston district it is unusual for any member of the 
series to be altogether wanting, but in the Tees-side and Trout- 
beck mines tin' strata above the Whin Sill vary considerably, both 
in thickness and in the order of their su(*cession, from those found 
in the mines near the Diver Tyne. In the Tees-side district a 
greater thickness intervenes between the top of the Whin and the 
bottom of the Scar Limestone than at Garrigill on the Tyne, but in 
the latter the Whin is very considerably thicker than in the former, 
and the distance in each case between the bottom of tlie Whin and 
the bottom of the Scar Limestone is nearly equal. 

The veins of the north of England may be grouped into three 
classes, namely, veins, cross-ve/ms, and qnartcr-point veins, 

' W. Wallace, “ The Tiaws which Regulate the Depo.sitian of Lead Ore in Veins.” 
London, 1861, p. 17. 
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General Section of the Milt, stone Grit and Moentain Limestone Koi: 
AS Developed in the Alston-Moor and Adjoinixo MiNiN(i Districts. 


No. 

Local Names. 

! 

! Saiulstorio. 

Shnle. 

Limeatoiie 


i 

ft. 

in. 

ft. 

in. 

ft. 

in. 

1 

i Coal ( Brockwcirs) 







2 

Slate 

15 

0 

3 

2 



:i 

: Girdle Beds 



48 

0 



4 

1 Freestone 

52 

0 






! Con r HI', JhtrJr GinUo Urdn .... 



37 

0 



1 “ 

j Millstone Grit 

27 

0 

27 

0 



! <} 

Hard Ilazle ^ 

‘I 

0 

() 

0 



1 7 

■ Freestone 

4. a 

0 

(> 

0 



1 

irTt y IlCih 

1.'; 

0 





! S 

ITazl(> 

10 

0 

11 

0 



i i> 

j Alternating; Grej Beds 



ss 

0 



i 

Griinlstone Sill 

•21 

0 

33 

0 



! n 

Hazle and C^ml 

9 

s 

JO 

0 



: ]‘j 

Fell-top Linu'stone 





1 

0 

; 

JIazle 

1 ’ 

0 

30 

0 



1 

] )o 

<» 

0 

12 

0 



]r, 

Do 

12 

0 

i 

0 



1 D5 

Ili^d» Slate Sill 

‘24 

0 

7 

c 



n 

Low Slate Sill 

21 

0 

»>•> 

() 



' IS 

Fiddler’s Sill 

15 

0 

:;o 

'' ! 



10 

Ironstone and Goal 

1 






i ‘20 

Fii’estorm 

30 

0 


! 



1 

(Gr.UrJicth .... 



»;(> 

0 i 



21 

Fat lins(»n’s Sill 

12 

1) 

21 

! 



22 

Idttl*' Lime and AV’liite lla;<l<‘ . . . 

5 

0 

9 

0 i 

0 

0 

‘23 

Tfieh (^oal Sill 

1 t 

0 

(1 

0 




IjOw (\ial Sill 

12 

0 

2(1 

0 



‘25 

( I HEAT Limestone 





03 

0 

2() 

Tuft ... 

!) 

0 ' 

10 

0 ' 




1 L!iii>',Hf<nn' post 





1 

*j 

1 (,,W 

i 2/ 

tjluarrv Ha/le 

r.o 

0 ' 

3,7 

<) 1 




Til/ H,'d • . 




1 



' 28 

Four Fatlionis Liniesl(»ne 


, 


' 

24 

0 

1 ‘20 

Nattrass Gill Hazlo 

IS 

0 

(K) 

0 



i 30 , 

Three Yards Lime.stone 


1 



{) 

0 

1 ‘>1 

Six Fathoms Ilazle . . 

3(1 

0 

10 

11 



1 32 , 

Five Yards Limestone 


1 



L5 

0 


Slat}" Ilazle 

12 

0 ; 

IS 

0 ' 



;i4 ' 

S(’An Limestone 




1 

3,0 

0 


, TTiifh Copper Jfnzh' 


j 






( lorldf’s/if',// L ! tn f 







35 

Alternating heds , Lovi do. dn. 

3.5 

0 

1 90 

0 , 

14 

0 

! i 

j Post Lime 







I 

' Tyne-botfooi Plnfr 







3r> i 

’ryne-bottom Tdmestone 


1 



24 

0 

37 

Whetstone Bed i 

0 

0 


i 



38 

Y^titn Sill ! 

120 

0 

9 




39 

Ilazle 

10 

0 

1 

0 ! 



40 

Do 

11 

r, 


0 1 



41 

1)0 

18 

0 

9 

0 i 



42 

Jew Limestone 



i 7 

0 1 

21 

0 

43 

Slate 

15 

0 ' 

4 

0 ! 



44 

Little Limestone 



; 

0 , 

IS 

0 


^ Hazl(*s arc oompaci saTKisfonos. 
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Ge^^eral Section of the Millstone Grit and Mountain Limestone Rocks 
AS Developed in the Alston-Moor and Adjoinino Mining Districts— 
{continued). 


No. 

Local Names. 

Sandstone. 

Shale. 

Limestone. 



ft. 

in. 

ft. 

in. 

ft. 

in. 

4.0 

Ilazlo 

51 

0 

24 

0 



4(i 

Sniiddy LimestoiK; .... 





31 

0 

47 

IhvAv .... 

12 

0 





4H 

Liijjestonc 



4 

0 

25 

0 

49 

Ifazlc 

12 

0 

5 

0 



.00 

liobiiisou’s Lime 





21 

0 

.51 

Uiizh, 

9 

0 

3 

0 



.52 

S(L\R LIMKSToNK 



12 

0 

132 

0 

.5.‘i 

.... i 

0 

0 

0 

0 

• 


,54 

Lim<‘stoiie 





12 

0 

.5.5 



105 

0 

9 

0 



.5(5 

Do 

7 

() 

9 

0 



57 

Du. ... 

7 

(> 

9 

0 



58 

Do. 

9 

0 

9 

0 



59 

j Limostoiio .... 





7 

0 

00 

Hard Kh*estoiie 

12 

0 

42 

0 



01 

SeV(m-iii(;li (\ml with l*Iat(; . . 



129 

7 



02 

Kjije.sioiie. , 

.80 

0 

7 

0 



OJJ 

1 Lilli (jstone 





18 

0 

04 

DreestoTie 

1 

174 

0 

00 

1 

0 




1 Totals . .... 

1188 

2 

11171 

1 

.8 

1 480 

1 

3 


The iirst doss, soinetiiiies called ral'c veins, or riylit-n inning 
veins, (’oiyj])reli(Oi(ls all those coursiijg approxiniatoly oast and west 
but varying’ in din^ction between N. 60 ^ E. and S. GO'" E. Veins 
belonging to this class are usually metallihn’ous, and arc more 
fi'0(iuently productive when enclosed in hard rocks, particularly 
in limestone, than when tlnnr walls consist of shale or of some 
other soft imiterial. 

d'lie second class com])rises all veins whoso direction is nearly 
north and south. They usually displaci* those belonging to the 
llrst class, and arc less varird)le in their course. In the strata above 
the Gix'at, Linu'stoiu' they are rarely metal liferous, and seldom even 
contain any considerable amount of veinstone. In the Great Lime- 
stone they have, in tlie aggregate, yielded large (quantities of galena, 
while in the strata beneath it they frequently produce ores of 
both lead and cojqicr. 

Tlu^ veins belonging to the first two classes, which cross one an- 
other nearly at right angles, are sometimes intersected by a class 
of smaller veins having an intermediate bearing and hence called 
gmirter-poinf reins, the point of a vein being the local term 
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indicating its bearing. These intermediate veins traverse the 
country in two different directions, tlie one being S. 55° E. and 
the other S. 55° W. Like the veins of the second class they 
contain but little veinstone in the beds above the Great Lime- 
stone; in the strata below it, however, they are often filled with 
iron pyrites, copj)er pyrites, calcite, &c. They seldom contain 
lead ore. 

Veins of all ckisses have in this district usually been formed 
along lines of fault. The “ throw ” is the term lo(\*illy employed 
to signify the vertical disruj>tion which gtau'rally occurs along the 
course of the more considerable V(‘ins. Tlu^ jx'rpcaulicular distaiKH* 
between the corrcjsponding strafa on the op]>osite sidi's of the same 
vein varies in Alston Moor from a. few incluvs to JhH) feet, and there 
is, moreover, a remarkable correspondeiua' between the <lip a, ml 
throw of veins, which, although not wilhout exceptions, is novi'r- 
theless very general. 

If an oast and wc‘st vein throws th(^ strata up on its south sid(^ 
the dip or ha.de will gcMnaally b(‘ towards th(^ nortli, and vice 'vemi ; 
the dip is usually o])]>osit(‘ th(', side on which tlu' strata ari^ higlu'.st. 
Mr. T. Sopwith gives the following instance of the variable throw 
of the sanu*. v(‘iii in different hxtalities, as (‘xeniplifled by Old 
Carrs Cross-vehi in Alst.on Moor. This ])ovverful vein throws up 
the strata at — ^ 

Middle Cleugh Second Sun Vein .... 42 feu't. 

Middle (Cleugh Vea'n ......... 4<S ,, 

(-arr’s Vehi (»() „ 

Brooinsberry 72 „ 

Nentsberry Grcicns 1(12 ,, 


In the; Alston-Moor district a vein is said to be vraL‘ when the 
strata on cither side are but slightly displac'ed, and drong wlien tlaj 
difference of level between similar strata is consi(l(nabl(3. In 
addition to the difference in the level of corresjKmding strata, which 
so frecpiently occurs on the oj)])o.site sidcis of a. V(‘in, thc3 veinstone 
itself is sometimes traverscid by a Icuigitudinal fissure with well- 
defined slickensides u])on its faces. In the upper parts of Alston 
Moor, the quarter-j)oint veins are usually small and thc'.ir throw 
only a few inches, the largest, which is about six fecit, occurring at 

’ ** Mhimg Distrirt of Alston Moor, Wfijird ale, and Tocsd.ile,” Aliiwi<5k, 1833, 
p. 107. 
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the Nenthead Mines. In the lower part of the field, the veins 
belonging to this class are much stronger, and one of them in the 
Rodderup Fell Mine, throws up the north-west side no less than 
forty feet. 

The very remarkable fault knowui as the Great Sulphur Vein 
traverses the country in a westerly direction for a distance of 
nearly eight miles, from Hard Rigg Edge, Melmerby Fell, where it 
terminates against a S.W. fault, to tbe neighbourhood of Burn- 
liope Seat on the borders 'of Durliam, where it breaks up into a 
number of comj)arativ(^ly small branches which again unite near 
Hiddenhole Mine. Westward of this point it intersects a vein 
wlii(;h has been wwkcid in the Sir John Mine. Alter penetrating 
the Sulphur Vein, which was no less than 180 feet in width in this 
place, the miners found the Sir John Viun to have been shifted 
horizontally 20 fathoms. The high hivel (m the north side of the 
Sulphur Vein is driven in the jdate ovanlying the Scar Limestone, 
while on the south side it is in the shale under the Cockleshell 
Limestorui, indicating a vertical displacement of about 100 feet. 

A littl() further west the Sulphur Vein is seen on the banks of 
the South Tyne a little below the Tynehead Smelt Mill, which is 
built on the Whin Sill, through which the river has cut a narrow 
gorge terminating in a waterfall of about forty-six feet in height. 
Tlie Whin Sill abuts against the Sul])hur Vt*in, wliich on the north 
side throws in the Tyne-bottom Limc‘stone, wliich again forms the 
bed of the river.^ 

Tliis vein is mainly composed of iron pyrites in a matrix of 
quartz, with here and there large masses of pyrrhotine, the latter 
containing a small proportion of nickel and a trace of cobalt. The 
low level in the Sir John Mine has also been driven through the 
Sulphur Vein, which was fiamd to consist of enormous masses of 
iron ]>ynties containing a little copper. Oojqier ore occurs in the 
Sir John Vein, as well a,s in several others in Tynehead, in strata 
ranging from the top of tlie Scar Limestone to that of the Tyne- 
bottom Limestone, but more particularly in the beds known as the 
Copper Hazles. West of the Tyne the Sulphur Vein crosses a hill 
called Noonstones, where it consists almost entirely of white quartz, 
and descending on the other side it is seen in Cross Gill, where 
it is said to have been at one time worked for gold. At this place 
the vein consists of a matrix of ferruginous quartz with patches of 

^ C. E. Be Kance, ** On the Occurrence of Lead, Zinc, and Iron Ores in some 
Eocks of Carboniferous Age in the North-West of England,” Gcol. Mag. vol. x. , 
1873, p. 303. 
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iron pyrites and pyrrhotine. Still fiirtlicr west it was met witli in 
a mine at Smitter Gill, wliere masses of p^Trliotiue may still he 
seen on the surface togetlier with Huor s[>ar and otlu‘r lode stuff 
derived from load veins. Many of the veins in this district when 
poor for lead yield hydrated oxide of iron, and, wlien sufliciently 
large, are sometimes wmrked for that ore. On the soutli side of the 
Great Sulphur Vein at an average distance from it of nearly a. mile, 
the country is traversed, in a nearly parallel direction, hy a trap 
dyke. No displacement of th(j strata takes })lace, and where opened 
upon by mining operations at its intersection wdth the Douk Burn 
Vein no trace of the vein wars setai in the dyke, but when the latter 
had been cut through, the vein was found in its pro])er position on 
the other side. It therefore a.p]H‘a.rs that the intrusion of the 
whin dyke was posterior to the formation of the motallifevous east 
and west veins of Alston Moor. 

In addition to tln^ three classes of veins l)oh)re described, large 
quantities of lead oi'e are sometimes obtniiuul Iroin y/oV,s. Vedus, 
liowever irregular may ])e their width, have usually walls or checks 
which maintain the tissure-like character ol‘ the opening. T)i cer- 
tain momhers of the lead-bearing strata, in tliis district, howciver, 
and especially in tlui Great Limestone and the Scar Linuistone, the 
veins soiiudiines branch off laterally into flats which are often very 
productive. Those flats vary as mucli in tlioir size and charac- 
teristics as do the veins th(uns(dves. Wluui in tlu^ n^gion of flats 
the miner sometimes cuts into caverns of varying ext(,‘nt, either 
lined with crystals of calcit(', bkmde, galena, ^^:c. or hlknl with clay 
or veinstone. An o])ening (dhui connects sucli flats with a v(dn, 
and under those circumstances th(‘y fre(pu;ntly produce large (juan- 
tities of ore. Occasionally fiats extend ovtu’ considerable areas and 
terminate suddeidy at a had) or joint in the strata. Flats situated 
at a distance from a large vein liave often nunujnms strings or 
leadcvH running into them ; this term ])cing applied by mimrs, 
because by following them they arc often led to the flats them- 
selves. 

The minerals most frequently occurring in the lead veins of this 
region are quartz, calcite, iron pyrites, blende, galena, flu or spar, 
and sulphate of barium. In the strata included between the 
Grindstone Sill and the toj) of the Little Limestone, the amount of 
quartz deiiosited in the veins is less than might have bc(m expected 
from the generally siliceous nature of the rocks; fluor spar, calcite, 
and oxide of iron being the prevailing minerals. 

In the Little Limestone of the Nenthead district the veins 
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frequently contain much blende and iron ore, and a greater 
proportion of quartz than is usually found in the sandstones 
above. Cahate and fluor spar are occasionally met with in this 
limestone and in the Coal SilJs below. Blende is commonly 
acc.ompanied by quartz, although the converse does not follow, 
since veins almost filled with this mineral often contain no 
sulphide of zinc. 

In the veins in the Great Limestone a greater variety of 
minerals is found than in those of any of the strata above. Fluor 
spar is, however, rarely met with in any considerable quantity in the 
Nenthead Mines, although it must have been at one time tolerably 
abundant, as pscudomorphs in (|uartz after fluor spar are by no 
means uncommon. 

At Garrigill, calcite and fluor spar occur abundantly in the 
Great Limestone, the veins being in many j^laces almost filled with 
these minerals. In the Weardale and Allenhead districts the veins 
in all the strata are chiefly filled with galena, calcite and fluor 
S]>ar. 

In the sandstones below the Great Limestone the east and west 
veins generally contain moie quartz than they do in the strata 
above. Both the right-running veins and the north and south veins 
contain much imperJeetly crystallized quartz in the Scar Limestone. 
The veins which have been worked for lead in the Tyne-bottom 
Limestone often contain niucli calcite, although cpiartz is by no 
means uncommon. In the flats in tliis limestone beautifully 
crystallized calcite oc^curs. 

In the Tyne-bottom mines some of the veins have been partially 
explored in the Whin Sill, where they wxirc found filled with calcite 
and spathoso iron ore, but containing no galena. 

The principal veins of the north of England divide the whole 
of the strata of the Carbonifercnis Limestone series, which are 
brought variously in oj)position to one another by the dis- 
locations usually accompanying vein fissures in that region. 
Instances have from time to time been recorded of veins being 
productive under almost every possible circumstance of opposition 
of the strata, but certain beils have nevertheless long boon favourably 
known for their richness in lead ore. In different mining districts 
different limestones are thus favourably distinguished, but in the 
country aro\md Alston Moor, Tcesdale and Swaledale, the Great 
Limestone is by far the most productive stratum. 

In confirmation of this, the following extract relative to the 
actual quantities of lead ore obtained from all the beds in the 
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manor of Alston Moor, during the year 1822, is given from Mr. J. 
Taylor’s Report on mineral veins : — ^ 


Limestom Beds 


Grit atone 


Great Limestone 

. 20,827 biiigs 

1 Little JAinestonc 

. 287 „ 

Four-fathom Limestone . . 

01 „ 

Scar Jiimestone 

90 „ 

1 Tync-bottom Ijimestoiie . . 

898 „ 

rHigli Slate Sill . . 

107 bings 

JiOwer Slate Sill . . 

289 „ 

Firestone 

2‘‘>2 „ 

Fattinson’s Sill 

2r>9 ;; 

High Coal Sill 

J^27 

Low (\)al Sill 

l.'')4 „ 

Tuft 

806 „ 

Quarry lla/h; 

44 „ 

Nattrass Gill lliizle . . 

21 „ 

Six Fstboms llazle .... 

r>7(j ,, 

Slaty Hazh‘ 

18 „ 

t Hazle under Sear Liiuestonii 

2 


21,()S8 


Total 


With regard to tlie origin of the lt\‘ul (le])Osits of Alston 
Moor, Mr. Wallnee observes “it would npj)ear tliat (dtlitT l(*ad 
iu coiiiuM^tion with some b;isifying priiici]>lo must eub'V, in 
viiryirig proportions, as a- component ])art of tlui rocks of this 
district, or some still more elementary siibstancc^s IVom which it is 
formed by laws of chemical combination as yet unknown. I am 
not aware tliat the limestones and sa-ndstoncs of Alston Moor have 
ever been subjected to careful chemical investigation. IT from their 
analysis it is proved that h^ad is ilidiised throughout tlu'ir wholes 
mass, then the inquiry would be*, much simplilied, a,nd (tlunnists 
would be able to demonstrate thci cliangcs which must Ihj eff(‘ct(*(l 
in order that sulplii<lc of lead may be depositc‘d in the vtdns by tlu^ 
agency of circulating wabrs.”'^ 

The four most northern counties of England produced, resjiec- 
tivcly, the following amounts of lead ore, lead, and silver during the; 
year 1881 " 



Lead on*. 


Lead. 

Silver. 


Tons, 


Tons. 

Oz. 

CuniberlHiHi .... 

. . . ' 2,376 

_ 

1,720 

18,786 

W(istmoreland . . . 

. . . 1,236 


904 

11,9.04 


Cuiuberlaiid also produces aunually about 1,800 tons of zinc ores. 


^ lie port Brit. Aasociidumf 1883, ]>. 1. * Each wci^diin^^ 8 cvvts, 

“The Laws which Regulate the Deposition of Lead Ores iu Veins," 1861, 
p. 242. 

^ R. Hunt, “ Mineral Statistics for 1881," Mtmmra nf the Grid. Snrvry, 1882. 
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The lead -mining district of Yorkshire includes an area of about 
700 square miles, and comprehends the high ground bordering 
Swaledale, Arkeiidale, and Wensleydale in the north, and Nidder- 
dale, Wharfedale, and Airedale to the south. The rocks of this 
area, like tliose of the lead-bearing districts further north, belong 
to the Carboniferous Limestone period, but although they prevail 
throughout the wliole mining area, each individual stratum is 
by no means everywhere represented, and the thickness of the 
different beds is exceedingly variable. 

The lead ore of the Yorkshire mines is derived from rake veins, 
pipe veins, and flats. Of these the rake veins are the most pro- 
ductive and iin|)ortant ; their course does not usually vary materially 
from a. straight line, but their dip is far from constant. Their in- 
clination from the horizon is less in sol't argillaceous beds than in 
hard solid ro(*.ks ; while, when passing a thin seam of shah^, or soft 
clay, they often flait(ui and follow for a considerable distance the 
inclination of the strata. As is the case elsewhere, the width 
of the Yorkshire veins is exceedingly variable, frequently opening 
from one or two feet to s(‘V(‘ra,l yards, and again contracting to a 
mere joint. The width of a vein is usually affected by a change 
of strata, and is gniaU‘r in hard rocks than in soft oiu*.s ; it is 
generally greater in limestone than in sandstone, and in the latter 
rock than in shale. Rake veins are, in the majority of cases, fliult 
veins, the strata being as a rule lower on the side of the dip than 
in the contrary direction. 

The (‘xtent of the throw varies from a few inches to tAventy or 
thirty fathoms ; the gre,atest amount of throw being often observed 
Avhen nearly ])arallel veins are in tlie almost immediate vicinity of 
one another. The strength of a vein is considennl to ])e in direct 
proportion to the extent of its throw. A vedn Avith a difference of 
from six to eighteen fi'et betAveon th(‘ height of similar b(‘ds on the 
two sides, is regarded hy the miner Avith more favour than one Avith 
either a greater or less displa(*ement. A fault of this extent is 
looked u])oii as an indication that a vein has sufficient strength to 
insure its size and continuity, hut is not so great as to destroy the 
effect supposed to be ])roducod hy certain beds when occurring on 
the same horizon on both sides of a A^ein. When rocks of a different 
character form the opposite sides or cheeks of a vein, a deposit of 
lead ore is rarely found between them ; this rule is, hoAvever, not 
without exceptions. At the Grassington Mines, in Wharfedale, there 
are two veins eacli throwing the strata, south side doAvn, to such 
an extent as to cause shale to be opposed to gritstone, shale to 
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limestone, gritstone to limestone, Ac., and so on tlirougliout tlieir 
whole explored depth. Under these conditions one of the veins 
yielded large quantities of ore, while its neighbour proved totally 
btirren.^ 

When a vein occasions a throw of from two to tliree fathoms, 
the ore seldom continues either above or below the cdiange of strata, 
but is confined to those portions of the fissure which are bounded 
by the productive rock. An exception to this rule occurred, how- 
ever, at the Grassington Mines, where a vein ])roduced large 
quantities of lead ore for considerable disiauces both above and 
below such a cliange of strata. In addition to causing a fault or 
throw, rake veins materially iutluence the dip of the strata in the 
immediate vicinity of their Avails. On the side of the more 
elevated beds the planes of stratification are, for a short distance 
from the wah, bent doAviiAvards, while those on ihe opposite sid(‘ 
are, on the contrary, bent u]>\vards. 

Although the veins of tliis county traverse all the beds of the 
Carboniferous Limestone, tliere are onlyciTtain members of it that 
usually yield lead ore. In some disli'ids the most abundantly }>ro- 
(luctive strata are limestones, wbile in otluu'sthe larger ])roporti on of 
lead is olitaiued from the sandstom^s. The< argillaceous shakes very 
randy produce on‘, but even this admits of exceptions, sinci^. in the 
Airedale district lead ores have sometimes keen found in th(5S(‘ rocks. 
The great Whin Sill extends into Nortlumi Yorkshire'. In tlio mon^ 
northern districts many of the* vedns ha.vc5 a msarly direct course*. 
OAa*r a conside'rable distance*. Tlie Old Gang Vehi in SwahMiah?, 
which has keen Aveu'ked ove'i* a length e>f .se)m(^ niile*s, anel Avliicli 
can b(* tra(‘ed in a iu*arly si might linei for a st ill gre'ater distance, 
is an example of this ])ersistency of cha.ra.cler in lead vi'his. 

The veins of the throe north(*rn districts, namely, Swaledah*, 
Arkendale, and Wenshydaks are more regular in size, and tlu; beds 
more unife^rm in thickness than they are in the more soutberii 
areas. In the former tlie limestoiuis have be(‘n the principal 
sources of production, while the oriis of the souih(^rn min(*s have 
been chiefly derived from sandstones. Many peculiarities dis- 
tinguish the mines of the northern districts of Yorkshire from 
those of the south, and divide them into two distinct classc'.s. 
Rake veins, pipe veins, and flats are common to both, and it is 
to be remarked that, on account of the composition of tin* vein- 
stone witli Avhicli they are associated, ores from pi])e veins and flats 

^ Stephen Eddy, On the Lead Mining Districts of Yorkshire," British 
Association Beports, 1858, pp. 167-174. 
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are more fusible than those from rake; veins. The ores from the 
limestones are also more easily worked than those from sandstones. 

It has been asserted that slickensidcs never occur in tlie sand- 
stones of the Yorksliire lead mines, but this is not absolutely 
correct, since in the Grassington Mines a slickenside was met with 
in that rock, wliere, for a distance of nearly seventy yards, it formed 
the only division between two veins. In both areas, the majority 
of the lodes arc nearly parallel to one another, while the remainder 
run count(;r to them and form intersections. 

'Idle predominant direction of the principal veins is, in the 
northern mines, north of east and south of west, wliile in the 
southern field it is north of west and south of east. The former, 
known as right-running veins, are, when intersected by the cross- 
veins, frecpiently heaved or otherwise affected. In such cases the 
heave is usually on the side of the oblicpie angle formed by the 
interH(;ctiTig ])lanes of the C{»nverging veins. When one or both of 
the veii'S have been productive of ore up to the point at which they 
come together, their yield is, in the majority of cases, increased by 
their junction. The extent of the angle formed by two veins is, 
however, regarded by tin; miner as of much importance, since he 
considers an acute angle as indicating riches, while; a large one is 
believed to be an unfavourable indication. 

Nearly one half of the pr(‘sent aiinual jn'oduction of lead ore in 
Yorkshire is obtained from Arkongarth Dale, but East Craven 
Moor, Keld J leads, and Old Gang are still among the ])r()ductivo 
mines. The total yield of the Yorkshire mim'S during the year 
]88I amounted to 4,171 tons of lead ore, ei[uivalent to J3,040 tons 
of lead, and 4,115 oz. of silver. 

The Carboniferous Limestones of Derbyshire rise to the 
surface over large areas, and are deeply cut into by nuinerous 
picturesciue valleys, but the base of the series is nowhere exposed. 
The total thickness of the rocks of this age is about 1,500 feet, 
and instead of tlierc being one bed of intruded trap, as in the 
northern counties, there are here three distinct beds of an igneous 
rock, locally known as toaihtonc or todtstonc, interpolated between 
four thick beds of limestone. 

According to Mr. Wallace, the series of beds comprehended 
between the top of the Great Limestone and the Grindstone Sill 
in Alston Moor, corresponds with the Limestone Shale of Derbysliire, 
the thickness of the two being nearly the same ; on the other hand 
the Millstone Grit, which is fully developed in Alston Moor, will 
correspond to tlie Grits of Derbyshire and Wensleydale. 
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The mineral deposits of Derbyshire comprehend rake veins, 
pipe veins, and flats, besides which cross-fissures in the lime- 
stone, known as serins, sometimes enclose small cpiantitics of lead 
ore. Few veins are metalliferous either in the Millstone Grit or in 
the shales, the great majoiity being profitably Avorked in the lime- 
stone only. When a lode reaches the toadstone it usually either 
ceases entirely, or passes through it as a narrow cleft containing 
no ore. In the limestone beneath the toadstone a vein is some- 
times found to have resumed its original condition, but, generally 
speaking, the workings of the smaller mines are exclusively confined 
to one bed of limestone. 

In 161 out of 180 observed cas(‘s, the lode is stated to have 
entirely disappeared in the toadstone, while in nineteen cases the 
vein passed through it. As B. v. Cotta howeven- remarks, these 
results cannot be regarded as altogether reliabh^ since, IVom the 
point of view of a practical miner, a V(‘in which passed through the 
trap in the form of am unproductive fissure would proh.ahly he 
regarded as having ceasc'd to exist. The prejudicial influence ofttui 
apparently exercised by this rock upon the prodiud-ion of lead v(dns, 
at one time regarded as acting almost univc'vsally, hasniore leciuitly 
been found not to be without important ex(‘i!])tions. Tli(‘ Mill 
Close Mine in Darley Dale, which has for some years bet'n iht^ most 
productive in the county, is worked betweem shale on one side and 
toadstone on the other. Some of the rake v(dns, howcwc^r, throw tli(‘ 
strata, and in such cases it would app(;ar tliat tlu^ vein fissure must 
have divided all the beds including the toadstonc's. Jn some 
instances the veinstone itself is found dividend longitudinaJly for 
considerable distances, with the contact surfaces often highly 
polished. These slickensides are ribbed or slightly fluted horizon- 
tally, and sometimes after one si(U) is removed, so as to give room 
and relieve pressure, fragments fly off, occasionally with loud ex- 
plosions, and continue to do so for many days.^ The t(>adstone, of 
which thei’e are three beds, is a dfirk, compact rock, sonuitimes 
closely resembling basalt, but more commonly softened by decom- 
position, and often presenting an amygdaloiflal structure. 

Each of the beds averages from sixty to seventy feet in thick- 
ness, and preserves its course between the strata of limestone for 
many miles uninterrux)tedly. It is somewhat doubtful whether 
these layers of igneous rock are to be regarded as lava-flov/s con- 
temporaneous with the deposits of limestone, or as subscfpient 

^ “General View of the Agriculture and Minerals of Derbyshire, '' by John 
Farey, Sen. London, 1811, vol. i. p. 250. 
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injections into fissures parallel with the stratification. De la Beche 
regarded them as contemporaneous flows ; Sedgewick, on the other 
hand, believed them to be subsequent injections. Jukes pointed 
out that each of them is j^robably the result of not merely one 
eruption, but rather consists of different flows proceeding from 
distinct vents and uniting into one sheet along a common floor. 
The most productive mines have been worked in the First Lime- 
stone, and perhaps the least so in the fourth stratum of that rock, 
which does not, generally s])eaking, appear to carry any large 
amount of ore. 

The production of lead ore in Derbyshire in 1881 amounted to 
3,834 tons, equivalent to 2,875 tons of metallic lead. These ores 
are exceedingly poor for silver. The Mill Close Mine yielded during 
1881 more than one-third of all the lead ])roduced in the county. 
Four others afforded from 2G5 to 545 tons of lead ore each ; the 
balance having been made up by the yield of above forty small mines. 

The celebrated coppcjr mines of Ecton ^ are situated on the 
borders of Staffordshire and Derbyshire. The principal deposit, 
which as early as the year 1778 had been worked to a depth of 
200 fathoms, is a pipe vein, piercing the highly-contorted limestone 
beds almost vertically. Hjere are eight main lodes coursing E. and 
W., and the sanu^ nnmb('r of N. and S. veins, together with many 
smaller branches. The upper portions of the lodes contain galena, 
poor in silv^er, and blende with copper ores; the latter pre- 
dominating in the lower levels. The principal ores are clialcoi)y- 
rite and erubescite, and with these occur oxides and carbonates. 
The vein stuff is composed of very transparent calcitc, which is 
sometimes of a bj'ight yellow colour, colourless or bluish fluor 
spar frequently enclosing crystals of chalcoijyrite, barytes, clialy- 
bite, iron pyrites, and calamine. The veins sometimes attain a 
great thickness ; being in one case as miich as seventy yards from 
side to side. From an historical point of view the Ecton Mine is 
interesting, as it was here that blasting was first introduced into 
England. Bishop Watson- states that he had seen the smithy in 
w'hich the first borer ever used in England was made, and that the 
first shot fired was in the Ecton Mine. This borer must have been 
made for the German miners whom Prince Rupert brought over in 
1636 to work the mine, and traces of whose work may still be seen 
in the so-called “ Dutchman’s ” adit. 

' "W*. Pryce, “Mineralogia Cornubiensis,” 1778, p. 81. J. Mawe, “ Mineralogy of 
Derbyshire,” 1802, p. 109. 

* “Chemical Essays,” 1781, vol. i. p. 332. 



PART II.] WALES. 195 

From 1760 to the end of 1768, namely, eight years, the Ectoii 
Mine yielded 5,862 tons of copper ore worth £57,494 Ss, Id. From 
March 9th, 1776, to December 27th, 1817, 58,857 tons 18 cwts. of 
ore were raised, containing copper of the value of £677,112 14s\ Sd^ 
and yielding a net profit of £244,784 ILs.^ The ore appears to 
have generally yielded a produce of about 1 5 per cent, of copper. 


Wales. 

Iron Ores. — The production of red Iweniatite in South Wales 
is very small, since at tlu^ })resent time then^ appc'ar to be no mines 
working upon this ore. Some yc^ars ago a (k^posit of this mineral 
was opened at Cwm Mountain, in Flintshire, at a short distance 
from the famous lead mine of Talargoch. Thi^ ore Ikto occurs in 
the form of a bn‘ccia composed of angular fragments of luematite, 
cemented together by crystalline calcite stained a brick -red colour 
by diffused oxide of iron. This ore, which is Ibiind in irregular 
j)ockets in the OarbonifiTous Linu^stone, is accompani(‘(l by brown 
luematite, which occasionally assunu's the form of octaliedral 
crystals, probably pseudomor])hs after magiudite. 

An oolitic variety of cjdcaix'ous rod haanatite occurs in the 
Linver Limestone sliak^s at Whitcliurch, in Glamorganshire, but 
on tracing the bed for a short distance oithc'r in an easterly or 
westerly direction, it is found to becoiiK^ gradually changes! into 
an encrinal limcjstone. Tlie Coal-measures of South Wales arc 
naturally divided into two series, the u])p(^r and tlio lower. 
These are over the wliole area of tins field s(‘parated from one 
another by hard siliceous beds, wliich 8om(*times pass into con- 
glomerate, and are locally known as the CorJcskulc or White Hocks. 
The hardness of these hods, t<>g(;ther with th(^ large amount of 
water which they contain, always presents formidable obstructions 
to sinking through them. The upper scries (contains but little iron 
ore, although the lower one, soimitiines called the Iron-hearing 
comprehends numerous valualde deposits of clay ironstone. 
At its eastern outcroj) the coal of the lower measures is bituminous, 
but gradually changes its character when ff)lIowo(l in a westerly 
direction, until, after passing tlui great fault of the Vale of Neath, 
it becomes true anthracite. The coals of the upper series are 
everywhere bituminous, even when anthracite is found in the beds 
below. The rocks in which tlie coal and ironstone of this scries 
are imbedded are known as the Pennant Rocks, 

^ Statement furnished by Mr. I?, Taylor. 
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The lower or iron-bearing measures extend over the whole coal- 
field, and the principal beds of ironstone are found in the lowest strata. 
The ironstone is usually richest towards the eastern boundary of the 
field, but, although the yield of iron is less considerable, the thick- 
ness increases in going west. Near the eastern extremity of the 
basin, which is the great iron-producing district of South Wales, the 
southern outcrop dips very rapidly, while the dip of the more 
northern is loss considerable. The highest part of the basin in 
which ironstone has been profitably worked is a bed of blackband 
occurring on the top of the Mynyddysllwyn seam of coal. This 
ironstone, like that whicli receives the same name in Scotland and 
North Staffordshire, contains a sufficient amount of carbonaceous 
matter to effect its calcination without any additional fuel. The 
bed, although irregular, is sometimes several fe{3t in thickness, and 
occurs as a seriiis of unconnected basins. Tlie next ironstone bed 
occurs over the coal, known on the north outcrop at Dowlais as the 
Old Man’s Coal or OvVi-hyd Coal, while at Abercarn and Risca, on 
the southei'n outcroj), it receives the name of the Charcoal Seam 
and Rock Vein respectively. This is also a seam of blackband, 
and is worked at Abercarn under similar conditions to the 
Mynyddysllwyn bed; considerable (piantities of this ore, which 
works W(dl in the furnace, have been raised. These irregular beds 
are the ouly seams of ironstone that have been worked in the 
upper seri(‘s. 

The low('r series contains so many strata of ironstone alternating 
with coals and shales tliat it would bo impossible even to notice all 
of those} wdiich have been more or less w^orked ; many of them are 
not persistent over the whole field, and consccpiently vary in thick- 
ness within (!om])ara.tiv('ly short distances.^ Many of the iron- 
stones, however, cixhibit a marked similarity both in structure and 
composition throughout a large portion of the district, and there 
can bo little doubt that some of them exist ns continuous beds. 
Th(^ Three-quarter Balls, which in all th(‘ eastern ]mrts of the 
coal-field are trav(u\scd by numerous fissures containing cpiartz, 
calcite, spathose iron ore, millerite and hatehettine, may be 
(pioted as an example. Th.e ironstone measures of South Wales 
are cxceptioiinlly regidar and well developed near Ebbw Vale, 
wdiere they are extiiiisively mined, as they are also at Blacnafon, 
Pontypool, Abercarn, Dowlais, Ac. These ironstones in their 
raw state contain from t^venty-oiie to thirty-eight per cent, of 
metallic iron, in addition to which traces of (.‘opper, lead, and even 
1 “ Tho Iron Ores of Ci\-at Britain,” Mna. Grol. Siiriry, part iii.. South Wales. 
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silver, are sometimes present. The annual production of ironstone 
from the Coal-measures of South Wales is about 170,000 tons, but 
very large quantities of liaematite and otlier ores are imported ivom 
Whitehaven, Lancashire, and elsewhere, for suj>plying the* iron- 
works of the district. 

In South Wales the lower beds of the Permian series sometimes 
occur as hiematite, but such de]>osits are of a local cliaractca- only, 
and are usually found in basin-like hollows. One of these basins, 
opened some years since at MAvymIy, near Llantrissant, has yielded 
large quantities of ore, and had evidently been extensividy worked 
at some long past and forgotten i)eriod, since numerous old work- 
ings, together with tools and other relics, wm*e diseovejtal in 
re-opening the mine. A similar deposit occurs at 0 war (^och, about 
two miles north of Forth Caul. It overli(‘s the limestone, and 
sometimes contains as much as tlo ])cr cent, of oxide of manganese', 
thus almost giving it the character of a manga, nose ore. 

According to the returns of the Mining llecord Otliee^ South 
Wales prodiic(5(l no haunatite ores in 1881, but dniiiig that year 
tlie production of brown iron ore in Soutb Wales and MonmoiiMi.sliiro 
is stated to have lieeii 81, .‘172 tons. 

Cardkunshiuk and MoNTGOMEUYSillHD. — The mcitalliferous 
district of Cardigansinre and MontgomcTysliin,' consists of a 
tract of clay slates and gritstones, chiefly of (hinl)rian age, ex- 
tending for a distance of about forty miles in a JM.N.K. and 
S.S.W. direction, and varying in wddtli from five to twenty-two 
miles.^ Large areas in this district do not a[>f)ear to contain 
mineral veins, and those whic.h do so, and whicli an^ known to be 
productive, are usually characterised by sonui lithological jioculi- 
arity of their rocks. No rocks of igneous origin arc found in 
any portion of this region, and the occurrence of the hxh's in beds 
belonging to one epocli only, rendijrs it impossible to fix their 
geological age with any degree of accuracy. Moreover the 
direction of the lodes affords no clue for 1h(3 determination of 
their relative ages, since, however different may be their strike?, 
no decided difference can bo observed in their filling, neither is 
there, on the otlier band, any such evidence of the passage of one 
through another as would allow of their being thereby classified 
into groups. The appearance of the outcrop of the veins of tliis 
district is usually devoid of such marked characters as would attract 
the attention of those accustomed to find gossans resulting from 

^ W. W, Smytli, “ On llie Mining District of Cardiganshire and Montgomery- 
sliire,” Mem. Gcol. Survnj^ vol. ii. ]»art ii. 1848, p. 655, 
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the decomposition of pyritous ores. A large preponderance of 
slaty matter is frequently to be observed in the lodes of this dis- 
trict. Its whole area consists of a succession of rolls or undulations 
of beds which, in the main, belong to the same series, but which 
vary in character from soft shales, through many varieties of slate, 
flag, and argillaceous rock, to coarse gritstone and conglomerate. 
The zones in which the productive mines are situated lie ap- 
proximately parallel to the axes of the several undulations re- 
ferred to, and by imagining lines of division to run in the same 
direction, the veins of the district may be classified into six groups, 
which, although to some extent chosen arbitrarily, exhibit in many 
respects distinctive characters, and afford a means of consistent 
classification. 

The first group of this district, beginning on the west, borders 
on the unproductive grits of Aberystwith, and includes the once 
celebrated mines of Tal-y-Bont, Penybonti)ren, Llancynfelyn, 
and Tre'rddol, yielding lead ores containing a very small pro- 
portion of silver, together with blende and occasionally a little 
copper pyrites. The lodes are usually small, and frequently 
intersect a fissile variety of slate, in which, throughout the whole 
of this district, they are rarely productive. 

The second group of veins, which is of greater importance, 
was two centuries ago known as the ‘‘ Welsh Potosi,” and returned 
enormous wealth to the adventurers then working them. The 
slaty rocks here assume a paler tint, and present a peculiar silky 
lustre ; their bedding is more massive, and the width of the 
veins much greater, being in some cases upwards of twenty feet. 
This ore is usually argentiferous, and the lead obtained from it 
sometimes contains as much as thirty-eight ounces of silver 
per ton. 

The third division, ranging from Ystrad Moyric to the Devil's 
Bridge and along the course of the Rheidol, comprehends a 
number of metalliferous veins, varying in character almost as com- 
pletely as do the rocks which they traverse. Tluis the Llwyn 
Malys Lode is remarkable for the proportion of silver contained 
in its ores, Eron Goch for its large deposits of galena and 
blende, and the Estymteon Lode for its iron pyrites. The outcrops 
of others occasionally afford ores of manganese, while the country 
rock varies between gritstone, dark fissile slates, and an indurated 
argillaceous rock of a grey colour, in which the productive lodes 
of the district generally occur. 

The fourth band, striking from Llampeter to the central range 
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of Plymlumon, includes the highly argentiferous lead lode of Llan- 
fair Olydogau, while some miles to the north are various lodes 
productive of common lead ores, associated with blende and 
calcite. 

The fifth metalliferous band, ranging along the east of the 
Plymlumon ridge, comprehends the mines of Cwm Ystwyth, and 
different veins worked in the upper valleys of the Wye and Severn, 
as well as the more important works of Dclife and the group of 
parallel lodes near Llanbrynmair. Beginning with the elevated 
mass on which the Teifi pools are situated, the southern part of this 
division is characterised by frequent intercalations of arenaceous 
matter, which to the north are succeeded by argillaceous shales. 
It is remarkable that, while througliout tlui former area copper 
pyrites is so common a constituent of the lodes as to be separately 
returned from several of the mines therein situated, in the latter it 
is but seldom found. 

The sixth division, although circumscribed on the east and north 
by the gritty beds cropping out from beneath the Wenlock Shales, 
comprehends a few mines in the neighbourhood of Llanidloes, which 
are remarkable from tlie lead being accompanied by witherite and 
heavy spar, neither of which minerals arc known to occur in any 
other part of the district. 

In the same zone might be included another group of lead veins 
situated in the j)art of the district around Llangynnod, at a distance 
of nearly thirty miles from the lodes above mentioned. TIjoso last 
traverse slaty rocks, and the ores of lead and zim; which they afford 
are often associated with witherite and heavy spar. The country 
rocks however differ, inasmuch as that beds of porphyry and of 
various crystalline rocks of volcanic origin are intercalated between 
the slates. 

The most general strike of these lodes is E.N.E. and W.S.W. 
Although this direction is for short distances subject to frequent 
variations, nearly all tluj most important deposits agree within a 
few degrees with this course. The dip is most, frefiuently towards 
the south, generally vary i ng between G0° and 80° from the horizon. 
In some cases however the inclination is in the contrary direction, 
and the occasional flattening of the angle is not found in so marked 
a manner as, in some mining districts, to cause a diminution of the 
productiveness of a lode. 

The filling material of the vein fissures in this part of Wales is 
for the most part slate in angular fragments of all sizes, from the 
most minute particles to large masses sometimes fiithoms in length 
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and lieight, forming horses which split the lode into two or more dis- 
tinct branches. Its most common associate is (juartz, and upon the 
structure and colour of this, the miner, to a large extent, bases his 
opinion of the probable value of the lode ; in doing this he makes 
a distincti(jn between opacpie massive quartz and the drusy 
cellular and sometimc'S granular varieties which usually accompany 
deposits of ore. C^akate occurs in small (piantities only, and fluor 
spar, which elsewhere is .so common an attendant of lead ore.s, is 
here entirely unknown. Galena is met with in the mines of this 
district crystallized either in cubes or octahedra, or in combinations 
of the two forms, and it is to be remarked that the argentiferous 
varieties arc as often well crystallized as those which do not 
contain silver. 

Cerussite is sometimes found as a product of decomposition on 
the outcrops of a few lodes only. Blende is frequently more 
plentiful than galena, but calamine has not been found in any con- 
siderable quantities ex(*opting in the Nant-y-Creiau Mine. Copper 
pyrites in im^gular si>ots, is often mixed with the galena, and iron 
pyrites, which is sometimes sprinkled in the form of cubes through- 
out the sla,te rock, is found abundantly in the lodes of this district, 
(dialybite is met with in tlui form of brandies in the vicinity of 
some of the veins, and an ore of manganese has been obtained fi'om 
old woj’kings on the Drosgol liill, near Kheidol ; it is, however, an 
inqnirt* hydrous oxide of but little commercial value. 

The various minerals tilling tlie veins of these counties are rarely 
disposed with such regularity as to lead to the conclusion tliat the 
de})osition of one substance had ceased before that of another bad 
commenced ; tliey usually occur in strings and spots wliidi are 
sometimes parallel for short distances, but they more frequently 
ramify in an irregular manner, and often form a network of 
branches. Generally, however, it may be observed that the calcite 
takes the inner side of the quartz, whether occurring in dnisy cavi- 
ties or ill ribs, and galena appears to occu])y an analogous position 
witli regard to blende. A structure of this kind, varying constantly 
in its details, exhibited by the Estymteon lode, is represented in 
Fig. 52, in which a is copjicr pyrites, h quartz, c blende, d iron 
pyrites, and c galena. 

When a deposit is of considerable thickness the metalliferous 
portion of it frequently exhibits a tendency to form in bands, and 
wherever one of these becomes wedged out, another, and nearly 
parallel stripe, commences, forming a sjplicc, as shown in Fig 53, in 
which a and h represent two separate and nearly parallel masses 
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of ore which form a splice with overlapping ends. As before 
mentioned, the structure of the veinstones of this part of Wales is 
frequently brecciated, angular fragments of slate being united by a 
cement consisting either of quartz, galena, or blende, while more 
rarely, a ground-mass of calcitc encloses angular pieces of galena, 
chalcopyrite, or blende. 

Cross-courses, generally filled with clay, but sometimes appearing 
as mere partings in the rock, arc not unfrequent, and occasionally 
heave the lodes for a dista.nce of several feet ; tljcy are, however, 
less common than in many other mining districts. The country 



rocks on the opposite sides of many of the lodes liavc^ been alft.*cted 
by unequal movements resulting in the disjdacement of one or both 
of the walls; but, from the absence of easily recognised bcMls, it 
becomes difficult to measure any change of level which may have 
taken place. 

Numerous facts hav(5 been fd)serv(‘d with regard to the ore- 
bearing portions of these lodes which are in pendect a(;cordance with 
the experiences of other districts. Idiiis when two lo(k‘s approach 


r'jG. 5.'}.- Vein lonniny u spliec. 


one another under a small angle, their junction is usually marked by 
an expansion of the deposit of ore, and a similar (jfl'ect is produced 
when branches or short veins fall into the principal lode ; the effect 
being the same whether this falling together of the branches takes 
place along the line of strike or on that of the dij). Tlui same 
result is observed in a greater degree where two or more lodes 
become united into one. The productive portions of the lodes are 
generally more continuous in their vertical tlian in tlieir liorizontal 
range, and they have most frequently an inclination towards the 
west. From this circumstance it might be inferred tliat they run 
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parallel to tlie bedding of the more metalliferous rucks, but Mr. 
Smyth is inclined to believe that they more frequently conform to 
the planes of cleavage of the country rock than to those of its 
bedding. The lead veins of this part of Wales differ materially 
from those of Cornwall in one important point, namely, that when- 
ever they pass from a harder to a softer rock their mineral contents 
decrease in quantity. 

In the year 1881, the most important operations carried on in 
Cardiganshire were those of the Lisburne Mines, which produced 
(luring that year, 1,005 tons of lead ore, and 3,550 oz. of silver. 
The most productive mine of Montgomeryshire during the same 
period was the Van, yielding 2,600 tons of lead ore, 1,400 tons of 
blende, and 23,400 oz. of silver. 

Merionetiishitie. — This county comprehends no extensive or 
largely productive metalliferous areas, but is remarkable, inasmuch 
as that some of its rocks enclose veins which have been long 
known to bo auriferous. The gold-bearing district would appear 
to be mainly confined to about twenty-five S({uare miles of the 
country lying on the north of the turnpike road leading from 
Dolgelly to Barmouth. In this district tlie Cambrian rocks are 
overlain by others of Silurian age, and about half way between 
the tvro places, a stream which descends from the higher range of 
Llawllech discharges its waters into the Mawddach river below 
Pontddu. On either side of this rivulet rises a mountain, one 
being the Vigra and the other the Clogau, in both of which 
copper mines have been worked intermittently for many years. 
Among the mines which at one period attracted the greatest 
amount of attention are the Vigra and Clogau, the Dol-y-frwynog, 
the Cefn Coch, and the Prince of Wales. 

So long ago ns the year 1844, a paper was read before the 
British Association by Mr. Arthur Dean, who stated that a com- 
plete system of auriferous veins existed throughout the whole 
Snowdonian region of North Wales. In consequence of this 
and of equally sanguine statements made by otliers, mining opera- 
tions were shortly afterwards commenced at Cwm Eisen, but the 
results obtained being unsatisfactory, the mine was abandoned. 
About two years subsequently to this, machinery for crushing 
and amalgamation was erected at Dol-y-frwynog, but the treat- 
ment of several hundred tons of veinstone having resulted in 
the production of only a small amount of gold, the operations 
were suspended. 

Among the auriferous veins which have from time to time 
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been worked in North Wales, that opened in the Clogau Mine 
has been by far the most productive. At Clogau the workings 
have been exclusively conducted upon the St. David's, or Gold 
Lode, which is situated nearly a mile further north than that 
formerly worked for coiiper. At a short distance north of 
the St. David's Lode, the massive greenish grits of the Cambrian 
system emerge Irom beneath highly inclined beds of Lower 
Silurian age. The vein, wdiich courses nearly Pk and W., is often 
from two and a half to nine feet in width, and commonly lies 
between two distinct walls, especially on the southern side ; it is 
usually almost perpendicular, but sometimes dips slightly towards 
the north. 

It is chiefly composed of cpiartz and calcite, the latter mineral 
sometimes forming masses of several fcc't in width ; wliere the 
calcite assumes the ajipearance of a friable and granular marble, 
it not uhfrequently contains gold, but wlien, on the contrary, it 
becomes foliated or is coarsely granular, that metal appefirs to be 
entirely wanting. Spots of iron pyrites and chalcopyrite ai’e 
frequently scattered thro\igh the veinstone, which circumstance 
caused the vein to bo originally regarded as a copper lode, frag- 
ments of the country rock anj often included in th(‘ vein, and a 
few yellowish metallic points and crystalline spangles ami plates 
of gold are sometimes disseminated in the lode. With the gold is 
not unfrecpicntly associated tljo compound of tellurium, bisniutli 
and sulphur, knowm as tetradymite, wliich occurs in crystalline 
scales of silvery wliitcness and of brilliant metallic lustre.^ The 
laminaa of the country rock on eitluT side of the lode; strike only 
a few degrees more to tlie N. of p]. than th(i lode its(df, and they 
are consequently intersected at so small an angle that in phiccjs 
where the lode is somewhat obscure it occasionally re([uires care 
on the part of the miner to prevent turning off* into the country 
rock. Another noticeable feature of this vein is the fre(pient 
occurrence of nearly liorizontol })lanes of division crossing it 
from one side to the other. In width the St. David’s Lode is 
even more than usually variable, for although, as before stated, it 
is sometimes nine feet in width, at others it is reduced to a iiK^re 
fissure. 

The experience acquired from the working of this and otlier 
gold veins in North Wales goes to show that the only remune.‘rative 
material is that small proportion of the lode which contains 

^ W. W. Smyth. “ Gold Mining at Clogau, North Wales,” Mining and 
Smelting MagrtzinCy vol. i. 1861, p. 359. 
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visible gold, and that this is not usually present in suflScient 
quantities to pay the expenses of mining &c.; several rich bunches 
of gold quartz have, however, been found in tlie St. David's Lode, 
and for a short time the Vigra and Clogau Mines were, on a 
comparatively small scale, very jjroii table. 

The total weight of gold, of an average value of £3. 45. per oz. 
obtained in North Wales from the end of 1844 to A 2 )ril, 1866, is 
estimated as follows : — 


Old Dol-y-frwynog .... 

Oz. 

. . , 117 

Prince of Wales ..... 

. . . 63 

Cwm Eisen 

. . . 17(J 

Gwyn-frwynog 

... 6 

Cefn Ooch 

... 478 

Castell Cam Dochan . . 

... 182 

Vigra and Ohjgau .... 

. . . 11,778 


12,800 


Only a very small quantity of gold has been obtained from 
the Welsh iniiK's since 1<S()6. Mining operations have, however, 
been for some years carricid on at (3ogau with the view of 
reaching the St. David's Lode at a greater dej^th tluui any at 
whicdi it had been hitherto worked. Shortly aft^or the intersection, 
in 1881, of the lode by this (knq) cross-cut, it was understood that 
about 225 oz. of gold had be(;n obtaincul from a level driven 
upon its course, but no announcement of any further discovery 
has been recently made. 

In the Mawddach valley, a little below Tyn-y-groes, but on the 
other side of the river, is the Glasdir Coiqjer Mine, where the ore 
instead of being contained in a lodt^, is diss(uninated in an altered 
slaty rock. The iron pyrites and cha.lco 2 >yrito which here occur 
are found in the vicinity of the branches of an erujitive felspathic 
rock which has brokem through the slate in all directions. When 
prej)ared for market this ore ^delds only a small percentage of 
copper, but contains a little silver, and from one to one and a half 
ounce of gold per ton. The annual returns from this mine were 
very inconsiderable. 

Flintshire and Denbighshire. — In this mining area a long 
series of jrarallel veins course across the Mountain Limestone into 
the Millstone Grit, and are, farther east, only observable as faults in 
the Coal-measures. These veins are intersected by a system of 
strongly marked cross-courses, which arc traceable for many miles 
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in length. They are usually barren, but exce])tionally, as in the 
neighbourhood of Holywell, they have afforded large quantities 
of lead ore. In former times almost fabulous amounts of lead 
were obtained from these mines, the galena having been fre- 
quently found in a state of purity and solidity not often 
equalled elsewhere. When unproductive, these veins arc usually 
filled either with opaque caleite or with plastic clay, and the 
operations of the miner are often impeded by an unusually large 
influx of water. The most remarkable mines of this district have 
been Talargoch, near Rhyl, and Mineni. six miles north-west of 
Wrexham. 

Many of the lead mines in this distih't,, and ];)articularly some 
of those in the neighbourhood of Mold, have been remarkable for 
the large quantities of white lead ore, ccrussite, which they have 
yielded when the veins inters(‘ct the sandstones of the Millstone 
Grit. Large quantities of this ore have a.lso been obtained from 
pipe veins which had evidc^ntly been cavitic^s produced by the action 
of water, and subse([uently filled with various mineral substances 
brought into them in a state of solution. 

Minera, which was not long since the most productive lead 
mine in Great Britain, occupies a considerable portic)n of a patch 
of Mountain Limestone which ha.s been disrupted by faults from 
the southcn’ii extremity of the mining area of Flintshire},. On the 
northern side th.o'e is a downward dis])iacement, while on the 
southern there is a throw towards the east. The sot-t compndiends 
portions of the Coal-measures juid of tlu' Millstone Grit together 
with certain underlying Silurian rocks. 

The Mountain Lini(‘stone of this district rests uncoriformably 
upon Lower Silurian strata, but somewhat further south, thin 
sandstones and slates of Devonian age are interposed bcitween the 
limestone and Upper Silurian shales. The Carboniferous Limestone 
is here usually overlain by Millstone Grit varying in thickness from 
80 to 200 feet, and this is occasionally covered by true Coal- 
measures ; while in some places the Millstoni} Grit is entirely absent 
and the Coal-measures rest immediately on the limestone. These 
different strata are frequently much disturbed, and afford examples 
of almost every description of mineral vein varying from true 
lodes to thin branches and strings of ore, generally destitute of 
veinstone.^ 

Two principal lodes are worked in this mine, namely, the Old 

^ George Darlington, ** Mineral and Geological Sketch of the Minera Mining 
Field," Mining and Hmeliing Magazine, vol. ii. 1862, p. 207. 
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Vein and the North or Red Vein. The Old Vein has been 
formed in a fissure presenting all the characteristics of a fault, with 
a downthrow to the N.E. Its course is nearly S.E. and N.W., 
with a dip of about 80° from the horizon towards the N.E. ; 
this vein at times swells out into large masses of ore and 
gangue, the latter chiefly consisting of calcite and pulverulent 
quartz ; it then again decreases in size and becomes nipped or 
otherwise impoverished. In some places it attains a thickness of 
fifteen yards, while five yards is by no means an uncommon width ; 
and in such cases two nearly parallel levels were sometimes driven 
at the same liorizon in the vicinity of its walls. 

Towards the west the veins undergo a change, becoming, 
tliomselvcs, less productive, but apparently acting as feeders to 
various irregular pipes and floors of lead ore. Under these 
conditions some exceedingly ricli deposits of ore have been 
met with, and the enormous cavern-like excavations found in 
various parts of the older workings sufficiently attest the truth of 
statements wlu’ch liavo been handed dowji respecting the large 
amounts of ore which were obtained from them. In this part of 
the mine the country rock is a compact white limestone, and the 
ore deposits are unaccomjjanied by veinstone of any kind. The 
vein fissures are often very open, and show evidence of the action 
of carbonic acid upon the limestone. These openings form channels 
for the passage of immense quantities of water, carrying with it, 
in rainy seasons, a cojiHi<lerabIe amount of clay and sand. 

Near the eastern extremity of the workings, this vein, in the 
upper levels, occurs in slates and shales belonging to the Coal- 
measures and Millstone Grit, and is usually very poor. At a greater 
depth it intersects the Carboniferous Limestone and becomes to 
some extent productive for lead ore, hut instead of being filled 
with galena, the vein is, to ah.rge extent, made up of brown blende, 
which is frequently well crystallized. This ore is mixed with 
pulverulent and massive (piartz, and contains disseminated masses 
of galena. 

The North Vein, like the Old Vein, to which it is nearly 
parallel, has been formed on a line of fault, and has a down-throw 
to the N.E., but apparently to not quite so great an extent ; its throw 
however increases towards the east. The deposits of ore in this 
vein have often been exceedingly pure and massive, frequently con- 
taining not more than ] 5 per cent, of impurity as drawn from the 
mine. The character of the ore and its associated minerals differs 
in some respects from those of the Old Vein in tlie same ground. 
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The ore is steely and fine-grained, with very little admixture of 
large-grained cubical galena, but although fine-grained it seldom 
contains above four ounces of silver per ton. Blende is almost the 
only associated mineral. The walls of this vein are very imper- 
fectly defined and sometimes can scarcely be said to exist. 

In 1864 the Minora Mines produced lead ore and blende of 
the value of £103,293 ; of late years, however, the yield of 
lead ore has considerably fallen off, although a larger amount of 
blende has been annually raised. In 1881 these mines produced 
1,394 tons of lead ore, 5,468 tons of blende, and 6,970 oz. of 
silver. Their present greatest dei)th is 158 fathoms. 

In 1881 the production of lead ore in Flintshire was 4,392 
tons, equivalent to 3,297 tons of metallic lead, and 29,000 oz. 
of silver. 

During the same year the mines of Denbighshire yielded 1,587 
tons of lead ore, or 1,193 tons of lead, and 7,055 oz. of silver. 

Anglesea. — Parys Mountain is situated about two ndles inland 
from the northern coast of the Island of Angleso.a, its barrenness 
contrasting conspicuously with the fertile j)astun‘ lands of tlie 
.surrounding country. Its height above the sea does not (^K(*(U‘d 
500 feet, but altliough the larger portion of its surface is covered 
with sufficient soil to support ordinary vegetation, it nevevtludess 
scarcely produces either a blade of gra.ss or a buncli of lioafher. 
This mountain, which was at one time widely cedehraUid for 
the very large amount of copper annually obtained from its 
southern slope, was in modern times first syshunatically explored in 
the year 1768. Since that period, like all similar enterprises, its 
mines have been subject to nurneraus fluctuations, hut tlicy ha.ve, 
notwithstanding, remained constantly in operation. Tliey lie some- 
what less than two miles south of the town of Ami well, and are 
enclosed in a band of Silurian slate, wbich stretches in a south- 
westerly direction almost across the island. At Parys Mountain 
these slates are intercalated with bands of felspathic rocks of 
presumably eruptive origin, but which do not appear to have 
ever been carefully examined. The sketch section, Fig. 54, will 
serve to explain the order of sequence of the various rocks.^ 

The northern slope of the mountain consists of slate, a, in which 
occur small irregular branches of quartzose and felspathic rock, 
together with occasional bands of a greenish trap. This is followed 
by a very powerful quartz vein, &, which traverses the hill from one 

^ T. F. Evans, ‘‘The Mines of the Parys Mountain,” Trans, Maru'hester Oeol, 
Soc., vol. xiv. 1878, p. 357. 
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side to the other, and is known as the Carieg-y-doll Lode. To this 
succeeds a thick band of felstone, c, which varies considerably both 
in colour and in texture. A band of deep blue slate, a', follows this 
on the south, and is itself succeeded by another band of felspathic 
rock, very similar to the last, beneath which is the slate, a". As 
shown in horizontal section, Fig. 55, the rot^k-inass is traversed nearly 



a h c a' r‘ a” 

r’Ki. 51. — I’urys Mountain ; tmn.sversc .section. 


at right angles to the strata by two distinct faults, known respec- 
tively as the Groat Cross-course and the Carreg-y-doll Cross-course. 
The former is of considerable width, varying from 20 to 60 feet, 
hllcd with broken and crushed fragments of the neighbouring rocks, 
iind interfering considerably with the continuity of the strata. The 


0 c ft' r’ 



latter, on the contrary, is a mere transverse cleft which has but little 
effect on the relative positions of the rocks forming its sides. 

The central dislocated block of the felspathic rock, c, lying 
between the two cross-courses exhibits evidences of decomposition 
and disintegration which are not met with in other portions of its 
course, and it, in many places, consists of a soft concretionary mass 
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containing so many sliell-like nodules, that the miners have given 
it the name of Carre g-y-Grogan, or shelhstone. In these, kernels 
of copper pyrites occur in such large quantities that this ground has 
formed one of the most profitable resources of the mines. 

In addition to tlie foregoing, and beginning at the north in the 
band a large deposit of copper pyrites associated with quart, z» 
<fcc., known as the North Discovery Lode, extended from a f(»w 
fathoms west of the Great Cross-course for a distance of 90 
fathoms westward. Tliis more nearly resembled an ordinary lod(', 
than any other which has been discovered in the mines. It was 
well defined and was enclosed in a country rock of hard slate, dipped 
at an angle of 60"*, and the shoot of ore which it carried inclined west- 
ward at the rate of thrt^e feet in a fathom. It was also distinguished 
from all other similar deposits by the almost conqilete ahscuico of 
felspathic rocks. This great deposit lias now bi'cn completely 
worked away, aftcT liaving yielded, in the aggregate, copper ores of 
the value of about a million pounds sterling. 

With the exception of some f^mall (piartzose strings, sometimes 
containing a little copper pyrites witli blende and galena of no 
commercial value, no ore occurs between this and the Carreg-y-doll 
Lode. This is an imnunse sheet of (piartz, h, varying from fiv(^ 
to sixty feet in thickness, and sonictinujs containing valuahh' 
bunches of copper pyrit(‘s ; iron pyrites is also jiresent, but not in 
such large qu.antities as in the rocks lying to the south. This 
lode contains druses or vughs of extraordinary <limensions, one of 
them, cut into some years ago, whicli w^as hc'autifully lined with 
crystals, being no less than eight fathoms in length and four 
in lieiglit. The bunches of ore in this lode, like those before 
described, exhibit a tendency to dip towards the west. 

The large felspathic band c also encloses considerable deposits 
of copper pyrites, which occur in the form of strings and bunches. 
This ground has yielded largo profits, and a considerable amount of 
copper is still disseminated through tlio rock, but it is too sparsely 
scattered to repay the expense of mining and concentration. 

Extensive as these deposits may be, they are mmdi less 
important than arc those which occur to the. south of the. felspathic 
band, and which lie immediately between it and the band of slate 
marked a. At the junction of these two rocks the mountain has 
been almost divided into two parts by two large open-cast excava- 
tions varying in depth from 1 1 0 to 140 feet, and occupying an area 
of somewhat more than twelve acres in extent. Tlujse an? bounded 
on the north by the band of felspathic rock marked r, and on th(‘ 

p 
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south by the stratum of slate a. It is here that occurred the 
great body of copper ore which once exercised a considerable in- 
fluence upon the European copper market. The ores did not, on 
an average, contain more than 5 to 6 per cent, of copper, but for a 
time there was scarcely any limit to their possible production, and 
the proprietors, to a large extent, commanded the market. 

The metalliferous mass worked in these open cuttings is 
composed of three distinct members, namely : — 

1st. A bed of iron pyrites. 

2nd. A bed of copper pyrites. 

3rd. A thick bed of an ore locally known as hluestone some- 
times lies beneath the deposit of copper pyrites. 

This ore varies somewhat in composition, but the following 
analysis, made by Mr. F. Claudet, may be taken as aiiproximately 
reijresenting its average compo.sitioii. 


Lead 14'4(> 

Copper 213 

Zinc 27*89 

Iron 11*45 

Sulphur 29*05 

Siliceous rock 14*47 


Silver G oz. 15 dwt. per ton. 

Gold traces. 


The iron pyrites and chalcopyrite invariably occur associated 
witli quartz and fel spathic rock, but the bluestone is usually nearly 
pure, containing only branches and nodules of white quartz. The 
stratum of this mineral, which underlies the other two beds of ore, 
is by no means regular, having sometimes a thickness of from 50 
to 60 feet, while at others it is reduced to a few inches or entirely 
disappears. It occurs in its purest state when intermixed, in the 
form of elongated lenticular masses, with the enclosing slate. 
Large quantities of this ore might be raised if a satisfactory market 
could be obtained, but, although much attention has been bestowed 
on its metallurgical treatment, none of the processes hitherto tried 
appear to possess the necessary simplicity, and the demand is 
consequently somewhat limited. The beds of pyrites and blue- 
stone appear to thin out in descending, while that of copper ore 
would seem rather to improve in depth. 
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The water from these mines contains a considerable amount of the 
sulphates of iron and copper. This water is first raised to the surface 
by wooden pumps, and then stored iu reservoirs prepared for its 
reception. In these it deposits all the sand and clay it may hold 
in suspension, and when it has become perfectly clear it is tappt'd 
off into the precipitators as may be required. Into those scrap 
iron is introduced and the co]>per thrown down in the usual way. 
After the precipitation of the copper, the water, wliich has been 
treated by metallic iron, is allowed to flow into large basins several 
acres in extent, where, by a natural process of oxidation, it deposits 
highly basic salts of iron, which are largely used for the purifica- 
tion of coal gas and for the manufacture of various iron-oxitlo paints. 
Of this ochre the Anglesea mines sold, in 1881, 8,011 tons; with 
2,805 tons of bluestone, and 708 tons of copper in the form of ores 
and precipitate. 

Isle of Man. 

Underlying the Silurian and Carboniferous rocks, which are 
well represented in the Isle of Man, and breaking tliruugh them in 
various places, are granite and other igneous rocks. The gra-nito 
is found at the surface in two localities, one in the nortli of the 
island between Laxoy and Hamsey, and the otlu^r in the c(jntre on 
the eastern side of South Barrule. In addition to these granitic 
outbursts, dykes of porphyry an<l diabase exhibit traces of volcn-nic 
action in all parts of the island. EvcTywhnre the adjacent strata 
are greatly altered by contact with the granite or other igneous 
rock, and metalliferous minerals occur ahundintly ruiar th(‘- line of 
contact. 

The two principal mines, Foxdale and Laxey, are situated luiar 
the great outbursts of granite ; Laxey being near the northern and 
Foxdale near the southern mass. Resting on the granite is a series 
of slaty rocks, which occupy more than two-thirds of the entire area 
of the island. Valuable metalliferous veins traverse these slates, 
and for many years mines have been worked with great success 
both at Foxdale and Laxey, and, less profitably, in several other 
parts of the island. 

At Laxey the direction of the main lodes is about 8° E. of N., 
with an easterly underlie of two feet in a fathom. At Foxdale the 
principal lodes course 8° S. of E., with a southerly underlie also of 
two feet per fathom. Tlie main lode has been worked, but not 
quite continuously, for about four miles on its east and west course, 
and in this distance is intersected by several counter veins, and by 

p 2 
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at least three north and south veins, all of which have a dip towards 
the west. The Laxoy Mines are worked exclusively in Lower 
Silurian slate, but in the Foxdale Mines the deeper workings are 
entirely in granite, which was reached after first passing through 
the slate into a layer of granite thirty feet in thickness, and then 
again sinking through a band of slate. A new perj^endicular shaft 
is now being sunk, wliich is intended to intersect the lode at a 
depth of 250 fathoms. 

Ifoxdale is remarkable for the great size of its main lode, which 
occasionally expands to a width of forty feet. To the mineralogist 
Foxdale is extremely interesting. In the large cavities or lochs 
in the lode, magnificcTit crystals of iridescent galena arc often 
found. The galena has occasionally a very high percentage of 
silver. Argentiferous totrahedrite is frecpicntly to be mot with, as 
also an; splendid pseudomorphs of iron carbonate after fluor spar, 
resembling those formerly found at the Virtuous Lady Mine near 
T«avivStock. Recently ])himositc, tlie Fcdcrcn of the Harz miners, 
has been discovered. 

Of late years, a remarkable feature has been the presence of 
large rpiantities of carbonic acid gas, given off from crevices in 
the south wall of the lode. At the present time (188J1) in the 
eastern end of the 18r)dathoin lev('l, the amount of gas is so 
Inrge that, althougli volumes of compressed air are continually 
being poured in from two air-pipes, the men experience thf‘. greatest 
difficulty in working; and, as candles will not burn, the value of 
the end can only be determined by tlie ore brought out. The yield 
of the Foxdale mines during the year 1881 was 3,41 i.) tons of lead 
ore containing 69,080 oz, of silver. 

At the present time, the deepest portion of the Laxey Mines 
is 250 fathoms below the adit. In 1881 they yiedded 1,700 
tons of lead ore containing 5,250 oz. of silver, and 7,567 tons of 
blende. The other mines in the Isle of Man returning lead ore 
were Ballacorkish, where fine specimens of the carbonates and 
]diospliates of lead occur, East Foxdale, Kirk Michael, and North 
Laxey. 

Evidences of mining ojieratioiis for cop]wr carried on at a very 
early date, have been observed at Bradda Head. This lode, at the 
S.W. corner of the island, is one of the finest surface exhibitions of 
a mineral vein to be seen in Europe.^ 

Several attempts have been made, with more or less success, to 

' W. W. Smyth, ‘ ‘ Metallic Minin",” Htn-nford’s Brituh Maii'nfacfurmg Indiutfrica, 
vol. i. 1876, p. 15. 
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work the haematite lodes which ai^e found at Maughold Head, near 
Ramsey, 

According to the statistics of the Mining Record Ohice, the 
total returns in 1881 from mines in the Isle of Man amounted to 
5,675 tons of argentiferous lead ore of the value of £76,513, and 
7,567 tons of blende worth £28,701; with 120 tons of hauiiatite 
worth £60, and 60 tons of copper ore worth £00 ; making the 
total value of metalliferous minerals produced in the island 
£105,364. 


lUKLANI). 

Mines are by no means nunuu-ous in Irelaiui, for, although ores 
of various metals are not of uidmpnmt occurrence, there would 
appear to be but few localities in which tlu^y occur in sufhcient 
abundance to render tluur extraction remunerative. 

WicucLOW. — The county of Wicklow is composed of slaty rocks 
chiefly of Lower Silurian age, whi(*h are broken through by masses 
of granite and interscxjted by d^^kcvs of porj)l)yry and greenstone'. 
In th(j neighbourhood of the granite the clay slates a-re often con- 
verted into mica scl lists, granulite, or quartzite, and the; m<‘talliferous 
deposits of the district ar(‘, lor the most jiart, conqirehendc'd within 
a somewhat narrow licit extending for some distfiiK'e on (dtlier sidtr 
of the junction of the granite and sidiists. Tla^y may bo divided 
into three princqial groups, namely : — 

1. — Dejiosits of copper ores and of cuiirihToiis ii*on pyriti's 
chiefly in Silurian slates. 

2. — Lead ores in granit(\ 

3. — Gold in the sands and grav(.ds of virrious streams m‘ar thci 
base of (Jroghan-Kinshella. 

There are several co])]>er mines in the county of Wicklow, 
some of wliicli axe said to have been wrought from vmy ancient 
times. Ujj to the year 1839 tliose of the Ovoca distxict were 
worked exclusively for cojiper, excepting that a certain amount of 
lead ore was raised at Cronebane and Connary. About the time 
above referred to a sudden demand for pyrites sprang up in this 
country, in consequence of the suspension of the suljihur trade with 
Sicily, and for many years these mines were worked principally for 
iron pyrites. At the present time Irish pyrites has been almost 
entirely superseded in the manufacture of sulphuric acid by that im- 
ported from Spain and Portugal, in consequence of which the mines 
of Wicklow, although once yielding 60,000 tons of pyrites annually,. 
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are now no longer actively worked. It was formerly supposed that 
the ores occurred in deposits having the same strike and dip as the 
enclosing rocks, but more recent investigations have conclusively 
shown that, although in their general direction they approximate 
more or less closely with the general strike of the country, they 
nevertheless invariably cross the strata, although often at a very 
small angle. In depth the lodes always underlie faster than the 
enclosing rocks.^ 

The country consists principally of slates and schists, all ot 
which are more or less metamorphosed, and associated with them 
are various pyroxenic and felspathic rocks. The former are gene- 
rally regarded as being of eruptive origin, but the felspathic rocks 
exhibit somewhat remarkable peculiarities. At one time they 
were supposed to run parallel with the channel of mineral ground 
enclosing the lodes, but it has been pointed out by Mr. W. W. 
Smyth that in some fdaces they run across it; and Mr. Kinahan 
has shown that they sometimes occur in isolated masses, and that, 
although some of them are intrusive rocks, the majority may be 
regarded as being of metamorphic origin. 

The lodes upon which mining o])erations have been conducted 
cast of the Ovoca River arc principally in clay slate, and occupy 
a belt extending from the Ovoca for about six miles in a north- 
easterly directioji. The principal lodes are not, however, continuous 
throughout this distance, but are much interru])tod by faults, and 
sometimes become either greatly reduced in width, or appear to 
die out altogether ; patches of dead ground sometimes intervene, 
in wdiich no regular veins have been discovered. 

In West Cronebane there is, on an average, a depth of six 
fathoms of drift over the back of the lode, and under this there 
is a breccia composed of angular fragments of country rock cemented 
together by hydrated oxide of iron. This latter rests upon the 
gossan, wdiieh here consists of limonite, nearly the whole of which 
was removed some years since, at a time when iron ores were 
in exceptionally great demand. In a westerly direction the breccia 
and gossan gradually thin out, until upon Tigroney brow both have 
been removed by denudation, and the unaltered pyrites makes its 
appearance on the surface. In West Cronebane the gossan in 
some places rests upon a ferruginous clay, and at one point carbon 
is present in the form of a graphitic shale. Occasionally the gossan 
is found to rest on clay containing patches and strings of melaconite 

^ P. H. Argali, ** Notes on the Ancient and Recent Mining Operations in the 
East Ovoca District,” Proc. Roy. Dublin Soc, vol. ii. 1880, p. 211. 
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and falilerz, with occasional veins of pyrites composed of detached 
sand-like crystals, which in depth become consolidated and lose 
their granular character. In proportion as the thin branches of 
pyrites proceed downwards they increase both in width and 
number, tlius gradually replacing the laminaB of the enclosing 
killas until, eventually, the entire width of the lode is composed of 
pyrites. Still further down the iron pyrites becomes more dense, 
but is frequently interlaminated with bands of hard killas, and 
under these circumstances the hardest ribs not unfrequently contain 
two per cent, of copper. 

At Tigroney and West Cronebane the country rock, for a con- 
siderable distance both north and south of the groat pyrites vcun, is 
mineralized by finely disseminated particles of iron and copper 
pyrites, and these minerals having become oxidized near the surface 
impart a reddish-brown colour to the partially decomposed rocks. 
In these mineralized rocks, for a distance of 25 fathoms south of 
the main lode, are lenticular deposits of yellow copper ore. As 
first pointed out by Mr. Weaver, these rocks are traversed by 
horizontal joints, of which the extent is unknown, but wliicli are 
sometimes two inches in width, while at others it would be diffi- 
cult to insert the blade of a knife. These joints usually occur at 
intervals in depth of about five fathoms, and are crossed nearly 
at right angles by a system of almost perpen<Ucular joints, by 
which the country is divided into huge nearly rectangular rriasscjs. 
None of the copper deposits are accompani(‘(l by any gossan; but 
when one of these joints comes into the immediate vicinity of a 
deposit of copper ore, it becomes partially filJ(Ml with small 
fragments of country rock, cemented into a breccia by liydrated 
ferric oxide and stained by various compounds of c.opper. 

These deposits of yellow copper ore are generally lenticular 
masses intercalated between the lamirise of the st,rata, gradually 
thinning off to nothing both in length and depth. In some cases 
two or more of such deposits are connected together by branches or 
strings. Associated with these deposits are counter lodes, many of 
which occupy the perpendicular joints before referred to; and when 
these come in contact with lenticular deposits they form junctions 
with them, and they themselves for a certain distance contain 
copper ores of above the average produce. Lenticular masses of 
cupriferous pyrites are sometimes intercalated with tlie ordinary 
iron pyrites of the great lode. 

The mode of occurrence of the iron pyrites and chalcopyrite at 
Tigroney and West Cronebane will be understood by referring to 
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Fig. 56, in wMch a represents the main lode, displaced by 
various faults, and h lenticular deposits of yellow copper ere on its 
south wall. Fig. 57 is a transverse section on the line d e, in which 
the lenticules of yellow copper ore shown south of the lode are not 
indicated by a letter. At the surface the lode was at this point eight 
fathoms in width, decreasing to six fathoms at the 77-fathom level, 
below which it was suddenly cut off by a slide underlying 45° 



Fig. 50. — Tigronoj' and West Crouebane ; borizoiital section. 


south. Tliis slide was sunk upon for a distance of thirteen fathoms, 
where a vein of cupriferous pyrites was found two feet in width, the 
walls of which were opening out in depth. The vein has not been 
proved below tlie 90-fatlioin level, which is tlie deepest point 
reached in any of the eastern Ovoca mines. The great sulphur 
lodt* in West Oonebaiio is cut off towards the east by dead 



ground, and is not again met with in a workable form until East 
Cronebane is reached, a distance of 300 fathoms. This lode in 
East Cronebane and Connary is wedge-shaped, and becomes 
gradually smaller as the depth increases. At one or two points it 
has been followed down almost to the point of a wedge, but it is 
not impossible that further exploration might lead to the discovery 
of a splice, and that the lode may thus continue in depth. 
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South of the Counary main lode is Walls Lode, with a similar 
bearing and underlie, which for a short distance yields iron pyiites 
with a little chalcopyrite. Towards the east it breaks up into a 
number of strings, while westward it is cut off by a mass of 
felspathic rock. Further north-east is another dejwsit of metallic 
sulphides known as the Kilmacoo Lode, which is chiedy made up of 
clay and soft ground, containing bunches and veins of a bluestone 
having nearly the same composition as that found at Parys Moun- 
tain in Anglesea. This bluestone, which is sometimes called 
JdlmacooitCy yields from six to eight ounces of silver ])er ton of 
ore, together with traces of gold. The co])per ores fi*om the Wick- 
low mines contain from 8 to 12 ])er cent, of cop})t‘r, whih‘ the 
iron pyrites affords from 33 to 30 per cent, of sul])liur. About 
one-sixth of the iron pyrites is to some extent cupriferous, contain- 
ing from 1 to 2 ]>er cent, of cop})er, and about 38 j>er cent, of 
sulphur. Nearly all the pyrites from these mines contain minute 
quantities of gold, silver, nickel, and cobalt. A certain amount of 
copper is annually obtained from tlje mine wahu’s by preci])itation 
with metallic iron. At the present time tlie bjtal annual yield of 
copper from the Wicklow mines, including that obtained in the 
fonn of precipitate, d<.)es not amount to 100 tons. 

Tlie most {u’oductive lead veins <»f tluj county of Wicklow hav(^ 
been those worked in the mines at Glendalough and Luganure, of 
which the last only is at present in o])erati()n. The vedns of this 
district have never presented any features of es[)(‘cial interest, ex- 
cepting that courses of nc*arly jmre galena 3 feet in width have; 
occasionally been found in them ; the veinstone is princij)aJly 
([uartz. The yield of Luganure in 1881 aniounU'd to ordy 822 
tons of lead ore, containing GIG tons of lead and 4,032 oz. of 
silver. The only other Irish l(,*ad vein from which Mr. Hunt’s 
statistics give any returns for that year is Newtowmards, (k)unty 
Down, which yielded 27 tons of lead ore, (icpial to 20 tons 1 0 cwts. 
lead, representing a value of £254. The Government Geological 
Survey has shown that the copper and lead veins of Wexford, and 
probably those of Wicklow also, are older than the tin-bearing 
lodes of Cornwall. 

Gold was doubtless obtained by the ancient Irish by washing 
the sands and gravels of certain streams and rivers. Gerard 
Boate, in his ‘'Natural History of Ireland,” published in 172G, 
mentions the occurrence of gold in Londonderry, since whicli 
time none appears to have been found there. Mr. Kinahan states 
that pieces of gold have in late years been picked up in tlie valley 
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of the Dodder, and that quite recently a small nugget was found 
on St. Stephen s Green, Dublin, in a load of gravel which had 
been brought from the Dodder Valley.^ In modern times gold 
was not generally known to exist in Wicklow until about ninety 
years ago, when ifc was remarked that persons from that part 
of the country occasionally brought small pieces into Dublin for 
sale. Not much attention appears to have been directed to the 
subject, until the finding of a nugget weighing 21^ oz. awakened 
public curiosity and caused inquiries to be made, the result of 
wliich was the discovery that it had been found in a rivulet flowing 
eastward, over Lower Silurian rocks, from the high granitic 
mountain of Croghan-Kinshella, on the borders of Wexford, and 
joining the Aughrim, a tributary of the Ovoca, at Woodenbridge. 
This discovery caused a great rush to take place in 1795, and a 
considerable amount of gold was collected by the diggers during 
the first six weeks, at the end of which time the Gold-mine Valley 
was taken possession of by the Government, while the operations of 
the country people were confined to the neighbouring streams of 
Knockniiller and Cion william, Ballintemplo, and Coolballintaggart, 
of which the last runs northward from Croghan-Kinshella. In 
addition to the washings along tlie beds of these streams, shallow 
placer workings were opened further north at Mucklagh, Ballina- 
gappoge, and Bally creen, on tributaxies of the Aughrim or Ow 
River. 

The Government works, under the superintendence of Messrs. 
Mills, King, and Weaver, were actively carried on until May 1798, 
when they were interrupted by the Irish Rebellion, and not again 
resumed until the spring of 1801, when, in addition to the usual 
placer mines, a level or tunnel was driven into the eastern face of 
Croghan-Kinshella, and several miles of trenches were sunk to the 
bed-rock in various directions. In these workings numerous irregular 
branches of quartz were cut through, but in no instance was a 
particle of gold found in siiu ; and the alluvial gold having become 
practically exhausted the works were eventually abandoned. 

The placer mining of the Government is said to have been 
remunerative, but the whole of the money thus realized was 
subsequently expended in trying to find gold in its natural matrix. 
The total amount obtained was 944 oz. which, when melted and run 
into bars, assayed on an average 21 -J carats fine, and was at the 
price of the period worth £3,675. The alloy consisted of silver 
with a little copper. Sir R. Kane states that the gold collected by 
1 G. H. Kinahaii, “ Geology of Ireland,*’ London, 1878, p. 340. 
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private individuals sold for above £10,000. Since the period referred 
to, placer mining has at various times been resumed, but never with 
any marked degree of success. 

Different observers have remarked that the auriferous gravels 
of Wicklow are invariably found at a lower level than the outcrops 
of certain neighbouring veins containing ores of iron and copper, 
through the disintegration of which the gold is supposed to have been 
liberated. But although gold is elsewhere often found in (piartz 
containing various metallic sulphides, none has ever been discovered 
in the undecomposed portions of the mineral veins of Wicklow. Its 
presence has however been detected a little to the north-east in the 
gossans of the Ballymurtagh, Cronebanc, and Connary Mines, to the 
west and east of the valley of the Ovoca. Some of the nuggets found 
have had, how’ever, attached to them fragments of tpiartz, and it is 
consequently evident that a certain amount of auriferous (piartz 
must exist somewhere in the neighbourhood. 

According to Mr. Weaver the following minerals accompanied 
gold in the drifts and gravels of the Wicklow jdacors, namely, 
ilmenite, specular iron ore, red and brown luematito, iron jiyrites, 
oxide of manganese, garnets, quartz, and chlorite. To th(‘se Mr. 
Mallet has added the following: platinum, cassitcrito, wolfram, mag- 
netite, molybdenite, galena, chalcopyrite, to)){iz, zircon, corundum, &c.^ 

Tinstone occurred more frecpiently at Ballinasilloge tlian in the 
higher ground near Ballinavally. The pieces of gold were, for tlie 
most part, much water- worn, but angular fragnuuits were (‘xcc‘])tion- 
ally met with. None of the gold diggings of Wicklow hawe l)een 
worked otherwise tlian as sliallow placers, but since? gold has been 
found in so many of the smaller tributary streams, it might be 
anticipated that, like in other gold-producing countri(*s, it would 
be found in the deeper detritus on the banks of the larger rivers. 
These do not appear to have ever been explored, but Mr. Kinahan 
has suggested that gold may perhaps exist in paying quantities 
beneath the river and estuarine gravels at Woodenbridge and various 
other points in the valley of Ovoca. A few specks of gold have? 
occasionally been found not only in the gossans at Ballymurtagh, 
Cronebane, &c., as already stated, but also in those of the cojiper 
lode at Carrigat or Dhurode, south of Bantry Bay, in the county 
of Cork. 

Iron Ores of Miocene Age. — Iron-ore measures belonging 
to this age represent an important feature of the Miocene rocks of 

' William Mallet, “ On the Minerals of the Auriferous Districts of Wicklow,” 
Phil. Mag., vol. xxxvii. 1850, p. 392. The presence of platinum was by no means 
satisfactorily determined by Mr. Mallet. 
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Ireland ; and, although usually classed as one series, they are believed 
to occur on slightly different geological horizons. They comprise 
beds of pisolitic iron ore, aluminous iron ore, bole, and lithomarge, 
often associated with lignite. At some of the iron mines the thick* 
ness of these measures exceeds GO feet, while in others it scarcely 
amounts to so many incdics.^ The Tertiary rocks of Antrim com- 
prehend dolerites, basalts, and tuffs, the latter including the iron-ore 
measures, &c. The dolerite rocks may be divided into two series, the 
upper and the lower ; the first of these being above the principal 
iron-ore measures, while the second is below them. The dolerites 
and basalts occur in the form of flows, protrusions, and dykes, while 
associated with tliem are bole and laterite with beds of ferruginous 
lithomarge and aluminous and pisolitic iron ore, in which last are 
occasionally beds of lignite.^ 

The dolerites are often somewhat coarsely crystalline and occa- 
sionally even p()r])hyritic, and they not unfrequently exhibit a 
columnar structure ; very large areas are covered by doleritic and 
basaltic rocks, but the tuffs are of more limited extent. The thick- 
ness of the flows of dolerite varies from a few feet up to 40 feet, 
while between them are accumulations of bole, a material closely re- 
sembling the Iat(5rite wliich, in India, covers to a great depth vast 
tireas and contains dc'posits of nodular iron ore. In Ireland the 
thickness of these beds or partings seldom exceeds 70 feet. In 
some places the ferruginous accumulations graduate into aluminous 
iron ore of good quality, but in such cases tliey are not generally 
pisolitic, althougli the aluminous ores occasionally assume this 
structure if tln^y come immediately in contact with a deposit of 
pisolitic ore. The beds of laterite between the flows of dolerite are 
usually of a reddish-brown colour, and are very tough. They have 
an amygdaloidal structure, and contain cavities enclosing aragonite 
with various zeolites. 

The partings between the low'^er beds of dolerite are generally 
softer than those dividing the upper series, and frequently graduate 
into either ochre or bole. This does not take place so frequently 
between the upper dolerites, but in all cases, the iron ore alone 
excepted, the material constituting the dividing beds is throughout 
vesicular. 

The iron-ore measures of Antrim vary in thickness from 10 to 
70 feet ; in the Glcngariff Mines they do not, according to Mr. Argali, 

‘ G. H. Kinahaii, “ Geology of Ireland,” p. 164. 

- Philip Argali, “Notes on the Tertiary Iron Ore Measures, Glengariff Valley. 
County Antrim,” Ao?/. Dublin Soc.^ vol. iii. 1881, p. 151. 
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exceed 60 feet, and, with the associated rocks, aiford the following 
section : — 


Foot. 

Tertiary . . . / Upper dolerites . ;i00 

1 ] ron-ore measures . HO 

) Lower dolerites . . . 250 

( Basal conglomerati‘ .... 2 

Cretaceous . . . White limo.stoiie 70 

Total 082 


The iron-ore measures are composed as follows : — 


FI ill. 

6. Stcatitic roek ; local name Bnishing .... 08 

5. Steatitic clay ,, Holing . . 1 in. to 0 8 

4. Pisolitic ore ,, First ore 17 

3. Aluminous ore ,, Second or(‘ .... 20 

2. Oclireoiis ro(;k ,, rave.ment .... 15 0 

1. Lithoinarge Marge 40 0 

Tot.il .... • . 00 0 


Tlie litliomarge usually rests u[)on an irregular flooring of 
dolcritc, which is in places corroded into deep holes. Boulders and 
masses of dolerite, externally rnucli dccomposiMl, arc also found 
embedded in the bottom beds of the litliomarge and often jiass 
insensibly into this rock. The lower beds of lithomargii arc usually 
of a light lavender tint, and contain numerons small sjiots of 
heauxitc ; while the upper layers are brown or nearly black. It is a 
brittle, splintery rock, which flies before the pick, but is never- 
theless readily cut witli a knife. In the iinmediak^ vicinity of an 
eruptive dyke it becomes a very tough rock, and on expos^rc^ 
to the atmosphere it rapidly exfoliates. IntiTstratifiod with 
lithoinarge arc deposits of aluminous iron ore, usually in tlie form 
of beds varying in thickness from a few inches to several feet ; but 
they sometimes also occur as lenticular intercalations. Small 
partings and seams of a siliceous lignite arc sometimes found 
in the aluminous ore as well as in the pisolitic variety, but 
seldom or never occur in the lithoinarge. It has been observed 
that when peat water flows over an exposed surface of litliomarge 
a deposit of oxide of manganese frequently takes place in its 
cavities and interstices. 

The ochreous rock above the lithomarge is called the “ pave- 
ment,'* and forms the floor of the iron-ore measures. It seldom 
contains beauxite, excepting in the immediate vicinity of a dyke, 
where considerable mas.ses of that substance frequently occur. 

On the pavement rests the aluminous or second iron ore, the 
upper portions of which are to some extent pisolitic, and on tliis 
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lies the first or pisolitic ore. The pisolitic ore varies considerably 
in thickness, but sometimes reaches 80 inches. In colour it is 
either brown or black, some of the pisolites of the latter colour 
having the appearance of graphite. These are more or less 
magnetic, many of them consisting chiefly of magnetite. The 
pisolitic iron ore usually contains from 30 to 70 per cent, of iron 
oxide, from 2 to 10 per cent, of alumina, from 5 to 10 per cent, of 
silica, and from 9 to 11 per cent, of titanic oxide. Sulphur is 
entirely absent, and only minute traces of phospliorus are occasion- 
ally present. The aluminous ores contain from 25 to 85 per cent, 
of iron, from 84 to 37 per cent, of alumina, and from 12 to 16 
per cent, of silica. They are free from sulphur, only occasionally 
contain traces of phosphorus, and titanic oxide is entirely absent. 
These ores are largely employed as a mixture in smelting haematites. 

Lignite and beauxite occur in the iron-ore measures of 
(Jounty Antrim, and usually replace the pisolitic seam, although 
in some places the lignite is separated from the ore by a band 
of beauxite. Intervening between the pisolitic ore seam and the 
roof are two beds of stoatitic clays, known respectively as “ holing 
and ** brushing.^' Tliese clays contain numerous pisolites of aragonite, 
and similar nodules of that mineral are by no means uncommon 
in the lower bands of dolerite. The iron measures of Antrim are 
often penetrated and displaced by basaltic dykes, whose general 
bearing is a little east of north, and which vary in thickness 
from a few inches to several fathoms. They have frequently a 
columnar structure, the bases of the columns being nearly at right 
angles to the walls of the dykes. 

These iron-ore measures are supposed to be of lacustrine origin, 
and to have been formed in shallow expanses of water in basins re- 
sulting from successive but unequal flows of dolerite. Lignite occurs 
in this rock near Ci’umlin, east of Lough Neagh ; Carnmoney, 
south-west of Carrickfergus ; Ballypalady, east of Antrim ; also in 
the face of the cliS' near the Giant's Causeway ; and at Dunagael, 
Rathlin Island. Generally speaking, lignite is more or less asso- 
ciated with the ironstone measures, but in some cases it occurs 
between beds of dolerite. At Lemeneigh, west of Ballintoy, the 
lignites contain blocks of wood which split with great facility, 
while, still further west, the vrood is but slightly mineralized and 
remains very much in its original condition. In the clay below 
the lignite are found plant remains, one of which is considered by 
Bailey to be M‘Clintoclda Lycllii, a plant previously found only in 
Greenland. 
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The principal localities at which pisolitic iron ores have been 
worked are along the outcrop of the beds from Knockboy and 
Bally lig, near Broughshane, to Glenravel, Cargan, and Newtown 
Croinmelin ; on the sides and at the head of Glengariff ; near Carn- 
lough and Glenarm ; at Shane Hill, west of Larne ; on Island 
Magee ; at Bally palady ; near the Giant s Causeway ; and a little 
inland from the White Rocks near Portrush. The whole of the 
workings are in the country lying north and north-east of Lough 
Neagh. 

During the year 1881 there were exported from County Antrim 
198,429 tons of this ore, the only other iron ores produced in 
Ireland being gossans from Ballymurtagh, County Wicklow, 
amounting to 1,433 tons. 

Other Mining Localities. — That workings for copper ore wore 
carried on at a very early period in the Bonmalion district. County 
Waterford, is rendered evident by a number of ancient wooden 
mining tools, which were discovered by Mr. Petherick in some old 
workings on the Stage Lode at Kiiockrnahon. During tlie course 
of the last century the Knockmahon Mines W(‘re worked at 
different intervals and with somewhat varying success; in the 
aggregate, however, they have produced large (piant.ities of copper 
ore and have sometimes yielded considiirable profits to the a<ivcn- 
turers. The lodes, which traverse Silurian rocks and are inter- 
sected by numerous cross-courses, are, according to Kinahan, of 
Pre-Carboniferous age, and are cut ofi' by certain red conglomerates 
and sandstones, ])robabIy of Old Red Sanflstone age. The 
general direction of the lodes is west of north, and the ground 
is traversed by various dykes of quartz-porphyry. The lodes at 
Knockmahon have, however, been worked down into very poor 
ground, and operations were ultimately suspended in tlie year 1880. 

Some rich lodes, unknown to the ancients, were discovered 
about the year 1810 at Allihies, west of Bearhaven ; and, 
under the name of the Bearhaven Mines, have since been success- 
fully worked and have yielded large quantities of copper ore. The 
mines have now attained a depth of above 250 fathoms, but the 
returns have of late considerably fallen off. The lodes occur at the 
junction of the Yellow and Old Red Sandstone of the Cork type, 
and at the present time the annual production of the Bearhaven 
Mines is not above 832 tons of copper ore of 8| produce and of the 
aggregate value of about £4,500. The slaty regions, extending 
from Cork to the Mizen Head and beyond that point northward, 
enclose small veins containing copper ores of high percentage, such 
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as erubescite and tetraliedrite ; but, with the exception of Bear- 
haven, no great degree of success has hitherto attended mining 
operations in this part of Ireland. 

Scotland. 

Altliough the earliest documents relating to mining in Scot- 
land do not go further back than the twelfth century, the 
testimony of Roman writers and the number and variety of 
the prehistoric gold ornaments wliieh have from time to time 
been found in that country, render it probable that the early 
po]mlation had worked the native sources of supply at a period 
long anterior to the beginning of written history. The first 
historical notice of gold occurring in Scotland is a grant in 1158 
by David I., to the abbey of Dunfermline of a tithe of all the gold 
from Fifti and Fothrif; and, in 1424, the S(‘ottish Parliament 
granted to the Crown all the gold mines in Scotland.^ 

A document from the Ba.lcarres MSS., printed in the Analecta 
f^rotlra, first series, pp. 01-04, shows that b(‘twcen the years 
15<S5-1500, h.'ad ore, to the amount of 15,717 stone, had been 
shiyiped from Scotland for foreign use. In the year 1593, Thomas 
Foullis obtained a take of all the mines in the sheriffdom of 
Lanark ; and in 1707 an act of parliament exonerated and dis- 
charged Ch.arles, Earl of Ilojietoun, from a rent of 1,000 marks 
payable by him to the Crowm in terms of the original grant. 
Another act gave him the riglit to pass the bridge of Ramwell 
Craig and Dunnedenwdth lead ore and supplies for the mine and 
miners free of toll. This privilege was shared with the Duke 
of Queensberry. 

Gold. — As far as is at present knowm, the gold fields of Suther- 
land are all comprised within a radius of about ten miles around 
Benuarie, the gold having, for the most part, been found along the 
valleys of the tributaries of the Ullie or Helmsdale River.- 

The ]3rinciy)al streams which have been worked are the 
Kildonan, where gold was first discovered, the Suisgill, and the 
Torrish ; these streams constitute what are known as the Kildonan 
diggings. Gold has also been found in the Altenbraichich, the 
Cinjireas, and the Craggie, all flowing into the Ullie. On the 
south side of the dividing range, called the Crask, gold has been 

^ R. W. Cochran- Patrick, “Early Records Relating to Mining in Scotland,” 
Edinburgh, 187S. 

® W. Cameron, “ On the Suthcrlandshirc Gold Fields,” Tmns. GcoL Soc. o 
Glasgow^ vol. iv. 1874, p. 1. 
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found in the Smeorol, a burn which falls into Loch Brora at Gordon 
Bush, and hence called the Gordon diggings. Further west, on 
another tributary of the Brora, known as the Black Water, gold 
has been likewise found. 

The prominent geological features of the country are rocks 
which are regarded as being mainly of Lower Silurian age, con- 
sisting of granites, gneiss, mica schist, and quartzite, which, in 
a few localities only, are traversed by veins of quartz. Along the 
coast is a belt of coarse-grained granite. Old Red Sandstone some- 
times caps the Silurian rocks, and Oolitic shales are found near the 
sea above the valley of the Brora. In the streams in which gold 
has been most plentifully found gneissoid and schistose rocks prevail, 
while the higher ground is everywhere so thickly covered by a deep 
deposit of peat that it is only at points situated at considerable 
distances apart that any rocks arc exposed on the surface. In the 
beds of the rivulets on the high ground of the Kiidonau hills, 
schistose and flaggy rocks largely predominate, and in the interstices 
between their laminjE gold is sometimes found. 

On either side of the Kildonan, higli moorland hills trend 
towards a range of quartzite running parallel with the Ullie, and 
confine the stream and its littoral flats within very narrow limits. 
Tributaries occasionally flow into the main burn and often afford 
good sections both of the rocks and drifts ; the latter usually 
yielding a little gold. In some places the Kildonan itself has cut 
its way through beds of rock outcropping at the surface, while in 
others high banks of sand and pebbles afford evidence of extensive 
alluvial deposits. These flats are occasionally flanked by deep 
terraces of gravel and drift, from the surface of which, mixed with 
angular fragments of granite, grains of gold may sometimes be 
obtained by panning. 

Towards the lower portion of the stream the rocks assume a 
more granitic character, and are associated with gneiss, micaceous 
and chloritic schists, and quartzites, which are occasionally traversed 
by veins of quartz. In some parts of the course of this stream 
granitic masses assume the form of dykes, and gold appears to 
be most plentiful when the stream forms an acute angle with 
the strata crossing its bed. As a rule the miners preferred working 
either in the vicinity of masses of granite, or in the neighbourhood 
of a partially decomposed greenish schist. The earlier operations 
of the diggers were exclusively confined to the banks of the 
streams where the bed-rock was above the level of the water. The 
gold was found chiefly in the lower drift, but it has been also 

Q 
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obtained from all the various strata even up to the roots of the 
heather. The drifts vary materially in character, having some- 
times the appearance of a ferruginous conglomerate, while in 
others the auriferous material is a yellowish felspathic detritus. 
The small proportion of rounded quartz pebbles and boulders, or 
in some instances their entire absence, would be considered remark- 
able by a person accustomed to the placer diggings of California 
or Australia. In nearly all cases the material which remains 
when the process of washing draws towards completion, is found 
to contain, along with the gold, a considerable proportion of 
titaniferous iron ore and magnetite together with a few small 
garnets. As before stated, the auriferous detritus is generally 
almost entirely composed of somewhat water-worn fragments 
of the local rocks ; but in a few instances pebbles from the Old 
Red Sandstone and nodules of red haematite have been found 
among it. Latterly the miners no longer confined their operations 
to the shingle immediately bordering the streams, but advanced 
for some distance into the flats forming their banks, although 
with but very moderate success. 

The Suisgill is a burn of about the same size as tlie Kildonan, 
but is flanked by deeper deposits of drift and by more extensive 
flats than that stream. In this rivulet the gold is coarser than that 
found in the Kildonan, and it is hero that a two-ounce nugget is 
said to have been found. The same rocks present themselves along 
the course of the Suisgill that are seen in the bed of the Kildonan, 
although the latter affords better sections. Nearly all the other 
streams exhibit similar peculiarities, and a description of them is 
consequently iinnec^essary. It is evident that gold in small 
quantities is generally distributed throughout this part of Scot- 
land, but there appears to be considerable difference of opinion 
witli regard to its derivation. Sir R. Murchison believed the gold- 
bearing drift to have been brought from the Silurian plateau towards 
the central and western portions of Sutlierlandshire, while Mr. 
Campbell of Islay is inclined to the opinion that at least a portion 
of it may have come from even Scandinavia or Lapland; both, 
however, consider the vehicle of transport to have been ice. No 
gold has as yet been found in this district in situ^ and consequently 
no definite proof exists of its local origin. The drift is, how^ever, 
composed of fragments of purely local rocks, while quartz pebbles, 
usually so plentiful in deposits of this nature, are almost entirely 
wanting. Influenced by these and similar considerations Messrs. 
Joass and Cameron are disposed to ascribe a granitic origin to the 
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gold of this area. It is, however, possible that it may have been 
derived from the quartz veins which are seen in the ravines through 
which the streams severally flow, or from others which are now 
hidden under a covering of bog or other material. 

Whether the gold which occurs in these drifts could under 
ordinary circumstances afford remunerative occupation to any con- 
siderable number of men, is open to grave doubt. When, however, 
it is stated, that a tax of one pound per month was levied by the 
Duke of Sutherland upon each miner for the privilege of digging 
for gold upon his waste lands, and that the Government further 
demanded one-tenth part of the gold found as Koyalty, it will be 
easily understood why gold washing in this district was an industry 
of short duration. 

Lead, Silver, and Nickel. — There are lead mines in the south 
of Scotland at Wanlock Head, now called the Queensberry Mines, in 
Dumfriesshire, and at Leadlnlls in Lanarkshire, where the veins 
occur in Silurian rocks. At Gaily, in Kirkcudbrightshire, copper ore 
has been discovered, and stibnite has been found in the county of 
Dumfries. In neitlier case have they been turned to any account, 
although a small (quantity of lead ore is annually produced in the 
first-named county. The lead mines of Strontian, in Argyleshire, 
were once of some importance, and a lead mine in schist lia-s been 
worked at Tyndrum, and another in the Isle of Islay. Pentlandito, 
a sulphide of iron and nickel, was, some years since, work(‘d at 
Glen Essochossan, two miles from Inverary, as well as at Graignure, 
in the vicinity of Loch Fyne, eight miles distant from the same 
town. About 300 tons of ore averaging 14 j)er cent, of nickel are 
stated to have been sold from these mines. In a sam])le of the ore 
from the Graignure Mine Mr. F. Glaudet found, in addition to the 
usual percentage of nickel, a considerable aiiiount of tin oxide. 

Writing towards the latter portion of the eighteenth century 
Jars^ states with regard to Leadhills : — ‘‘ Le filon princi])al produit 
jusqu’h, la plus grande profondeur on on Tcxploite, de 100 pieds 
au-dessous de la galerie d’dcoulement, du tr6s-bcau spath, du 
mineral de plomb larges facettes, irrdgulieres et cubiques, de la 

^ ** Up to the greatest depth to which it is worked, 100 feet beJow the adit, the 
principal vein produces very beautiful spar, lead ore with large irregular and cubical 
faces, green, black, and non -crystallized white ore ; the latter also in white and very 
friable crystals. Tliis variety is very beautiful and extremely rich in lead. I have 
seen this vein worked for a very great distance with a width of at least four feet, massive 
ore ; and I am assured that it enlarged as the depth increased, as at its greatest 
depth it is seven feet. This vein is one of the richest in Europe — 1 have not yet 
seen anything which approaches to it in abundance .” — Voyages MUallurgiques^ vol. 
ii. p. 531, Paris, 1780. 
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mine verte, de la noire, & de la blanche non-crystallisee, & de cette 
demiere en crystaux blancs & tr^-friables ; cette espece est tr^s- 
belle & extremement riche en plomb. J'ai vu exploiter ce filon 
sur line tr^s-grande etendue, au moins de 4 pieds de largeur en 
min(5rai massif, & Ton rn’a assur(5 qu’il s’elargissoit en approfondis- 
sant, piiisqu’c^ sa plus grande profondeur il en avoit 7 . Ce filon est 
un des plus riches qu'il y ait en Europe, je n'ai encore rien vu 
qui approche de cette abondance.” 

John Mawe,^ writing at the beginning of this century, says : The 
veins are in general large and extremely rich. The Susanna vein is 
the admiration of travellers, being a great rake vein which in some 
places has continued for a considerable way fourteen feet wide of 
solid ore. It is now full three feet wide and an amazing quantity 
is before the miners. The mine is about 100 fathoms deep with a 
fire-engine not now employed, a sufficient quantity of water 
having lately been procured to work the water-engines so as to 
keep the bottom dry.” Tlie mines of Strontian, in north-western 
ScolJand, afibrd an example of the occurrence of lead veins in 
granite. 

In 1881 the Leadhills produced 1,804 tons of lead ore con- 
taining 5,412 oz. of silver, of the total vaJue of £17,188. 

During tlie year ending Juno 1883 the quantity of ore dressed 
was 2,801 tons; 2,115 tons of ore were smelted, j^roducing with the 
fumc's 1,G93 tons of load. 

In 1881 the Qiioensberry Mines, late Waidock Head, yielded 
1,826 tons of lead ore containing 8,000 oz. of silver, worth £17,347. 
In addition to the above the East Black Craig Mine, in Kirkcud- 
brightshire, yielded 176 tons of lead ore, value £1,628. During the 
same period 232 tons of copper ore, value £468, were produced in 
Shetland, and 323 tons of bleiuh', value £607, were raised at the 
East Black Craig and Queimsberry mines. 

Blackuand Ironstone. — In Scotland the coal-bearing strata 
lying above tbe Millstone Grit are known as the upper Coal- 
measures, while the seams of (‘oal in the Carboniferous Limestone 
belong to the lower Coal-measures. These measures stretch across 
the country iti a south-wxsterly direction from the German Ocean 
to the North Channel. In addition to coal both the upper and 
lower series contain valuable seams of blackband ironstone. This 
term is applied to ironstones of a dark brown or black colour 
containing a sufficient amount of carbonaceous matter to enable 
them to be burnt in heaps without the addition of extraneous fuel. 

^ Minfiralngu nf Derbyshire, ii-r., TiOndon, 1802, p. 187. 
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When thus burnt the residues often yield from 50 to 70 per cent, 
of metallic iron. Blackband ironstone is found both in the upper 
and in the lower series.^ 

The Upper contains — 


The Palace Craig Blackband . 

Airdrie 

Bellside 

Kiltoiigue 

Calderbank or Koimclburn 

Slatyband 

Lower Slatyband .... 


Thickness. 

. 12 inches. 

16 .. 

6 „ 

about 6 

• • ... ft 16 tf 

from 12 inches to 3 feet. 

,, 12 „ ,,18 inches. 


The Lower series contains — 

TIio Fossil Upper Blackband 

,, Fossil Lower 

,, Bauton 


12 inches. 


12 

12 


ff 

ff 


All those ironstones have been found in some part of Lanark- 
shire, the principal seams being the Airdrie Blackband and the 
Slatyband. The former, now nearly exhausted, has been found in 
workable quantity within an area of only about ton S(|unre miles, 
but its e(|uivalont in the form of a thin seam of coal covers an 
area of from fifty to sixty square miles. Tlio SlatyhancI e.xtfuids 
over a considerable arc'a, but is variable boili in thickness and 
quality, sometimes gradually thinning out and (lisap})earing. It is 
found in Lanarkshire, Ayrshire, and Fifeshin^, tliough in the last- 
named locality it is not of good quality. In Linlitligowshire it is 
represented by the celel^ratod Boghead cannel coal. 

Blackband was discovered in Lanarkshire by Miishet in LSOJ, 
and has for many years b(‘en very extensivedy worked, hut at 
the present time tlie supply is ra]>idly falling off. The yield of 
blackband ironstones is at the rate of 2,000 tons calcined ore, 
equivalent to 1,000 tons pig iron, }»er acn; for each foot in thickiKJSS. 

Clay ironstone is worked in connection with the Shotts Furnace 
Coal and the Ball or (Joalinshifdds Coal, and two bands of clay iron- 
stone occur in the underlying Millstone Grit series, namely, the 
Ginstone and the Curdley or Curly ironstoiKj. Clayband ironstone 
of good quality was formerly obtained at Ban ton and Denny in 
the Carboniferous Limestone scries. Several seams of the same 
mineral have been mined at Falkirk among the strata immediately 
overlying tlie Slatyband ironstone. This ore has also been 
obtained from the horizon of the Brighton Main and the 

^ Ralph Moore, “On Coal and Ironstone Mining in Scotland, ” /'roc. S. tFales 
Inst, qf Eng. vol. hi. 1864, p. 289. 
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Auchingane coals. Of the 2,595,375 tons of ironstone produced 
in 1881 in Scotland, 1,402,700 tons were Blackband and 1,192,675 
tons Clayband. 


General Summary of the Production of Metallifeiious Minerals in the 
United Kingdom during the year 1882.^ 


Description of Ore. 

Quantities. 

Value,. 

Iron oro 

Tons. 

18,031,967 

£ 

6,779,285 

J3og iron ore 

6,872 

1,957 

Tin ore 

14,045 

805,847 

Co]»per ore 

62,810 

206,738 

Lead ore 

65,001 

692,610 

Zinc ore 

32, .539 

93,571 

14,459 

Iron pyrites 

25,403 

Cobalt and Kickel ore . . . 

38 

241 

Manganese ore 

1,548 

3,907 

Wolfram 

58 

747 

Arsenical pyrites 

12,564 

11,614 

Total value of metalliferous minerals 

^7,610,976 


FRANCE. 

Metal mining in France is of very ancient origin, as the 
Gauls were familiar with gold, silver, lead, copper, tin, and iron 
previous to the Roman conquest of the country. Under Roman 
government metalliferous mines were extensively worked, but 
at the time of the Northern invasion they were generally 
abandoned. At a later date mining was resumed by the Saracens, 
who carried on that industry in the Pyrenees and in various other 
districts, but it was not until nearly the end of the eleventh century 
that the mines of France assumed any distinctive importance. In 
the thirteenth century mining was again generally abandoned in 
consequence of long-continued wars, and the mines were not 
re-opened until the commencement of the sixteenth century. 
During the Thirty Years War operations were again arrested, and 
it was not until the beginning of the eighteenth century that some 
prosperous mining undertakings were carried on in Brittany, in the 
Pyrenees, and in Central France. This prosperity of mining 
enterprise was however only temporary, and it is somewhat 

' “ Mineral Statistics of the United Kingdom for the year 1882, prepared by 
Her Majesty’s Inspectors of Mines.” London, 1883. 
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remarkable that, with the exception of those of iron ores, com- 
paratively few of the metalliferous deposits of France are rich 
enough, and at the same time sufficiently easy of access, to repay 
the expenses of working. 

France has no valuable gold mines, but the sands of some of 
her rivers are to a small extent auriferous. The only vein known 
to contain gold in appreciable quantities is that of La Gardette, in 
the Department of Is^re, which is from two to three feet in width, 
and is enclosed in gneiss. Gold was discovered in this locality 
in the year 1700, and workings were intermittently carried on up 
to 1841, but the aggregate amount of the precious metal obtained 
was very small. The Rhine, until recently forming for some 
distance the eastern boundary of France, for centuries yielded 
small quantities of gold, and, according to a report of Reaumur 
presented to the Academy of Sciences in 1718, its sands had been 
chiefly worked between Strasburg and Philippsburg. The gold 
of the Rhine in the vicinity of Strasburg formerly belonged to 
the magistrates of that city, who farmed out the gold-washing 
on a royalty, but in the year referred to they only received 
some four or five ounces as their proportion of the annual 
produce. In the year 1846 Daubrde made an exhaustive report 
to the Academy of Sciences in which he states, that the gravels 
most commonly worked were those deposited below sand-banks 
or gravel islands which have been eroded by the river; and 
that the gold is chiefly concentrated in the coarser gravels which 
have been freed from silt and fine sand by the action of currents.^ 
The gold usually occurs in the form of minute scales, and is 
constantly accompanied by titaniferous iron ore, the amount of 
which is proportionate to the richness of the original sand for the 
precious metal. The workable beds are invariably thin, seldom 
exceeding six inches in thickness, and the particles of gold are 
exceedingly small, since the number required to weigh one 
milligramme varies from 17 to 22, while one cubic metre of gravel 
contains from 4,500 to 36,000 of such scales. In addition to the 
auriferous deposits which accumulate in the bed of the stream, 
Daubree states that the ancient detritus on its banks, extending 
from three to four miles in' width, also affords an appreciable amount 
of gold, but that the fine silt free from gravel may be regarded as 
totally barren. 

The sands of the Rhine are still occasionally washed upon a 
small scale, but it is believed their production was formerly more 
^ Comptes JRendus, vol, xxii. 1846, p. 689, 
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considerable than it is at present. The yield of the year 1846 
was estimated at £1,800, the washers usually making from one 
and a half to two francs per diem, although they occasionally 
realized from ten to fifteen francs. After a very careful study of 
the whole (piestion Daubree arrived at tlie conclusion that, by the 
aid of proper appliances, these sands might possibly, at that time, 
be treated with advantage. Home of the operations were evidently 
capable of improvement, since the washing was entirely conducted 
by manual labour, although the motive powcT of the river itself 
might, if a])plied to a dredging machine, be easily made to remove 
the richer gravels and to deposit them at the head of a properly 
arranged sluice. Although the application of machinery might 
doubtless in this and other ways be made to materially lessen the 
expense of washing the sands of the Rhine, the yield of gold is so 
exceedingly small tliat it is nevertheless doubtful whetlier by any 
known method of treatment satisfactory results could be obtained. 

Several localities in France liave from time to time afforded 
small quantities of gold, the River Ariege {Avrigerd) being said 
to have derived its name from its auriferous sands. The washing 
of these up to the close of the fifteenth century is stated to have 
yielded nearly a hundred pounds weight of the precious metal 
annually. Small quantitic^s of gold have been also sometimes 
obtained by washing a conglomerate of Carboniferous age, in the 
vicanity of Bess6gos, Departement du Card, where traces of gold 
occur in the quartzose pebbles of the Millstone Grit. 

The j^roduction of gold in France during the year 1880 is 
officially stated to have been 31 kilogr. or 990 J oz., but the ores 
from which it was obtained were probably, in part at least, derived 
from foreign sources. 

Iron ores are produced in thirty- three of the French depart- 
ments; that of Meurthe-et-Moselle having in the year 1880 
furnished 58 per cent, of the total production of tlie country. 

The yield of each of the following most productive departments 
exceeded in that year 50,000 tonnes, namely i 


Meurtlio-et-Moselle 1 000 

Haute-Marue ’195:000 

AnWcIie 190,000 

8a6ue-ct-Loue 160,000 

V'’”' ; 102,000 

J’>Tenees-OrientaIes 98,000 


' 

88,000 

53,000 

^ “ Statistique de T Industrie MiaMe en France et en Algeria Annee, 1880.” n 33 
One tonne = 1,000 kilogr. 
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The following table gives the total production of iron ores in 
France during the year 1880, together with the proportional 
weights of the different varieties obtained : — 


Natuiv of Ores. 

Oolitic ores 

Other hydrated oxides in grains, geodes, &c. . 

Ked hannatite 

lirowii hannatite 

Spathose iron ores 

Clay ironstone 

Magnetite 


Total 


Tonnes. rercontage. 


1,841,000 . . 

. . 64 T 

.554,400 . . 

. . 19'8 

242,400 . . 

. . 8*4 

107,600 . . 

. . 3*7 

103,400 ) 

0.0 

5,800 \ • • 

. . o o 

19,700 . . 

. . 7 

2,874,200 

100*0 


Copper mines are worked in the d(^partmonts of Var, Card, 
Basses-Pyrenees, and in Savoie, but their aggregate production of 
merchantable ore during the year 1880 amounted to only 550 
tonnes. Zinc ores are producf^d in various parts of France, but the 
most important are those of Saint Laureiit-k^-Miuicr, Gard, which 
yielded about one-half of the annual production of the country. 

Burat^ divides Frances into fiv(j metalliferous districts, namely: 
— the promontory of Brittany, bounded by a lino extending from 
Contontin, passing near Alencon and Angers, and terminating in 
the vicinity of Parthenay ; the mountainous range of the Vosges, 
forming a kind of island surrounded by sedinumtary rocks ; the 
great plateau of C(3ntral Franco ; the Pyrenees ; and the Alps. 

Brittany. — Both with regard to its geographical ])()sition and 
its geological constitution, Brittany cJosi^ly resembles Cornwall, 
being like it a region largely composed of clay slates broken 
through by granite, traversed by dykes of porpliyry, and ])enetrated 
by masses of serpentine. In sj)ite, however, of these analogies the 
metalliferous deposits of the two countries are of very unequal 
importance. In Brittany the tin veins of Cornw^all are but feebly 
represented, co])per lodes do not exist, and mines of argentiferous 
galena, similar to those of North-Western Cornwall, are not vtTy 
actively wrought. 

Oxide of tin has been found in small quantities in various 
localities particularly at Pyriac, two and a half miles w(‘st of the 
mouth of the Loire, and at the Moulin de la Villeder, Morbihan. 
At Pyriac the clay slate is in contact with the granite, and 
at their point of junction there is an alternation of schistose and 
granitic or gneissic rocks containing oxide of tin, which occurs either 
disseminated through thin veins of quart.z or in the form of small 
' “ G^ologie Appliquee,” 3rd ed. part i. p. 364. 
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concretionary masses. A considerable amount of prospecting was 
carried on at this place in 1818, but although about 10 cwts. of 
tinstone were collected no workable or regular deposit of that 
mineral was discovered. 

At the Moulin de la Villedcr, near the rock Saint-Andre, a 
vein of stanniferous quartz is enclosed in granite. Its direction is 
N. tW" W., and the veinstone assumes a greenish colour wherever 
oxide of tin is present. In addition to cassiterite this vein contains 
mispickel, topaz, and emerald, and at various j)laces in tlie district 
the alluvium is to some extent stanniferous. 

Poullaouen and Hiielgoet, situated near Morlaix, in the 
Department of Finistferc, were for a long time the most important 
lead mines in France, but have not been in active oj)eration since 
the year IHCid. The w^orkings, first commenced in 1720, were 
chiefly confined to two ])riucipal lodes, both of which traverse clay 
slates of Silurian age. The main lode at Poullaouen was o]}ened 
for a length of 750 fathoms and to a depth of about 100 fathoms. 
Its width is very irregular, varying from a few inches to twenty-five 
fathoms. Its average breadth, which is somewhat difficult to 
determine, as it has neither selvages nor well-defined walls, may be 
taken at about six feet, while its course is nearly nortli-wcst and 
south-east with a dip of 45° to the north-east. The country rock, 
consisting of clay slate, associated with quartzite and greenstone, 
strikes east-north -east and west-south -'west, and dips at an inclin- 
ation varying from 40° to 50° towards the south. The principal ore 
is argentiferous galena, which is more or less mixed with blende and 
iron pyrites. TIjcso minerals, like the accomj)anying quartzose 
veinstone, form a network, in which the galena is more frequently 
associated with slate than it is with quartz. The strings or threads 
of minerals, which arc often very narrow, sometimes expand to a 
width of several inches, and froquently separate to again re-unite. 
Granular ore is sometimes disseminated throughout the slate which 
forms a portion of the vein-material, and even the wall rock is 
in some cases similarly inqn’cguated. This lode was considered rich 
when galena formed one-tenth of the vein-material. The galena is 
by no means equally distributed throughout the lode, but is found in 
courses of from 40 to 50 fathoms in lengtli which incline at various 
angles in the direction of its strike. The ore contains from *0003 
to *0005 of silver, or from 9 oz. 16 dwt. 0 gr. to 16 oz. 6 dwt. 16 gr. 
per ton. 

The principal lode at Huelgoet, 'which is on the whole more 
regular than that of Poullaouen, but nevertheless varies in width 
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from twenty inches to seventy-five feet, has been followed in length 
for a distance of 500 fathoms and to a depth of about 135 
fathoms. Its average width may be taken at about twelve feet, 
its strike being nortli-west and south-east, with a dip of about 
70"* north-east. In addition to argentiferous galena this lode 
yields gossans, terrcs rouges, carrying a considerable amount of 
silver, both in the native state and as horn silver. These ochreous 
ores were mostly treated by amalgamation. The principal vein- 
stone is quartz, which, in addition to galena, contains patches of 
pyrites, blende, pyromorphite, cerussite, plumbo-resinite, and 
laumonite. Blende and quartz frequently form ring ores, of which 
the centre is blende, and fragments of the wall rock are often in 
the same way encysted by an envelope of silica, as shown in Fig. 27, 
page 44. 

For several years previous to 1857 the average annual yield of 
these mines was about 240 tons of litharge, 120 tons of soft lead, 
and 1,280 kilogr. of silver ; the whole being of the estimated value 
of 480,000 francs, or £19,200. 

At Pontpean, near Renrn^s, a lode yielding argentiferous galena 
and blende has been worked to a depth of about eighty fathoms 
and over a considerable length. This vein, which is enclosed in 
ancient clay slates, runs approximately north and soutli and is 
nearly vertical. During the couivse of the year 1880 the mines at 
PontpeW jiroduced 4,184 tonncis of argentiferous lend ores and 
1,501 tonnes of blende, of the aggregate value of 1,084,700 francs, 
or £43,388. 

There are likewise veins of galena, wliich wen^ formcjrly 
worked near Saint-Brieuc, but, having gradually Ixicoine im- 
poverished in depth, they were abandoned in the year 1790, 
since which period some of them have been re-worked and again 
abandoned. The other veins of lead ore known to exist in this 
region are not sufficiently important to demand any special 
notice. 

The Vosges. — The deposits of argentiferous galena of this 
region, which were wrought at a very early period, and yielded 
considerable returns of lead and silver during the course of the 
last century, are now almost entirely abandoned. Burat attributes 
this decay of the mining industry of the Vosges to bad manage- 
ment and a shortsighted policy on the part of former proprietors, 
and expresses his belief that had the same veins been situated 
in Saxony or the Harz many of them would have continued in 
active operation down to the present day. 
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Numerous veins of argentiferous galena occur in the neigh- 
bourliood of Sainte-Marie-aux-Mines, the principal of which is 
known as the Lacroix Lode, and is celebrated for its great breadth 
of above sixty feet, as well as for having been worked upon for 
a length of more tluin two and a half miles. The lode of Lacroix- 
aux- Mines traverses the mountain of Saint- Jean at a distance of 
ten miles from Sainte-Marie, has a north and south direction, 
and dii)S, nearly perpendicularly, parallel to the junction of the 
gneiss with a mass of syenite by which it is separated from the 
lodes of Sainte Marie. 

The lode is chiefly composed of (Uhris of the surrounding 
rocks, in which tlie distribution of the ore is exceedingly variable. 
Sometimes it occurs in strings or branches, which occasionally 
unite to form a lode throe feet in thickness, while at others it 
constitutiis a sort of stock work, or is disseminated in the form of 
patches or bunches. The ore chiefly consists of argentiferous 
galena, which is occasionally associated with other minerals, such 
as j)yrornorphite and pyrargyrite, native silver being also not uii- 
fre(iuently present. Tlie average yield of the galena for silver is 
32 oz. 13 dwt. 8 gr. per ton; and the works, which were carried 
on by means of an adit driven at the level of the natural 
drainage of the country, were never extended much below the 
adjoining valley. Tliis vein is stated to have been at one period 
extremely productive, and large (quantities of native silver were 
found in the upper levels. Tlie production in the year 1756 is 
siiid to have becm 1,200 tonnes of lead and 46,039 oz. of silver. 

This lode was discovenHl in 1315, and in 1581 it was worked 
by the Duke of Lorraine with very profitable results; but the 
wars which took place towards the end of the century caused 
a suspension of the operations. In the year V7l\ a lease of the 
mine was granb^d to a com])an} which, after working it inefficiently 
during a j)eriod of eighteen years, again abandoned it. A new 
company re-opened it in 1755, but although they obtained con- 
siderable quantities of lich ore they were unable to repair the 
damage resulting from the unskilful working of their predecessors. 
In 1777 tlie ore was extracted without any proper regard to the 
support of the ground, so that the workings finally became crushed, 
and a company which commenced operations in 1785, and which 
during many years worked with intelligence and assiduity, was 
unable to put the mine into a satisfactory condition. The diffi- 
culties were subs(?qiiently increased by the revolution of 1789, 
and in the year 1808 the right to cut wood for fuel in the neigh- 
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bouring forests, granted them by the Duke of Lorraine, was 
rescinded by Napoleon I. Tlie mine was ultimately abandoned in 
1816. A concession for Lacroix-aux-Mines was again granted in 
1822, but all operations ceased in 1833, and they have not since 
been resumed.^ 

In the immediate vicinity of Sainte-Marie-aux-Mines tlie lead 
veins are smaller, and traverse the gneiss in an east and west 
direction. Two of these, namely, the Surlatte and the Espdrance, 
have been worked upon for a considerable distance^, but the galena 
contains only about one-half the pro|'.ortion of silver which is 
present in that from the Lacroix vein. 

At Giromagny, on the southern flank of tlie Vosges, is another 
group of metalliferous veins, which have from time to time been 
worked to more or less extent. These veins, of wliich the course 
is nearly north and south, are enclosed in por2)hyries and clay slates. 

At Saint- Jean-d’Auxel there are tliree lodes wdiich were for- 
merly worked upon a somewhat exiensivo scali^, some of the 
excavations being still open in 17TJ). Mc^talliftuous veins an^ 
found almost always wherever porphyries and syenit(‘s are visible. 
At Plancher-los-Mitu'S, at Fressci, and at Ternuay in the Haute- 
Saone, there are <[uartz veins which, in addition to ealcite and 
fluor spar, contain pyrites, grey copper ore, and arg(.‘ntifcrous 
galena. 

The metalliferous veins of the Vosges may bo dividt‘d into two 
classes. The first, running nearly north and south, coinjirehends 
the principal lodes of argentiferous gahma ; while the secojid, 
coursing nearly east and west, includes, in addition to lead veins, 
a large number of (quartz veins containing caicitt^ fluor spar, 
fahlerz, argentiferous galena, argcntit(‘, arsenical (cobalt, native 
arsenic, and pyrites which is occasionally auriferous. 

At Sainte-Marie-aux-Mines the Phaunoux vein, which was 
worked at the same time as the Surlatte and the Espcrance lead 
lodes, yielded argentifenms grey copper ore witli arsenical cobalt 
and native m*senic. The Phaunoux, Surlatte, and Esperance lodes 
belong to the class of which the direction is nearly east and west. 

The Selschaft, Saint-Martin, Sainte-Barbe, and Saint-Urbaiii 
at Giromagny yielded argentiferous grey copper ore with sulphide 
of silver and galena disseminated throughout the veinstone in such 
a way as to require stamping. At Saint-Daniel, on the other 
side of the Auxelle Mountain, the slimes resulting from the 

1 H. Landrin, “ Du Ploirib, de son ktat dans la Nafnrc, de sun Kx}>loitati(iij, do 
sa Metallurgie et son Einploi dans k*s Art.q,” Paris, 18,07, p. lOl. 
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treatment of the ores contained copper, lead, and a considerable 
amount of silver. The mountains separating Giromagny from 
Planch er-Ies-Mines are traversed by numerous veins running in 
almost every direction, all of which contain ores of lead, copper, 
and silver. 

In addition to veins yielding the metals above enumerated, the 
Vosges contain extensive deposits of iron ore. The most important 
of these is situated in the mountain of Frarnont, near the contact 
of a central mass of porphyry with beds of schist and limestone, 
which it has uplifted and displaced. In this locality red haematite 
mixed with specular iron ore forms a contact vein of from fifteen 
to thirty feet in thickness surrounding the central mass of porphyry. 
The limestone, where it comes in contact with this ore, is either 
converted into crystalline marble or transformed into granular 
dolomite. 

A large number of metalliferous deposits, in addition to those 
above enumerated, occur in various parts of the Vosges, but they 
are seldom of an extensive character, and with but few exceptions 
they are un worked. 

Central France. — The plateau of Central France, which 
comprehends the mountains of Forez and Auvergne, as well as 
those of the Ct5vonnes and Lozore, contains numerous veins of 
argentiferous galena, some of which *are extensively worked and 
have yielded large (piantities of lead and silver. 

At present the most important argentiferous lead mine in 
Francois Pontgibaud, which is situated at the foot of a range 
of mountains four and a half miles north-west of Clermont, Puy- 
de-Domc, and on the road from that town to Limoges. The 
rocks traversed by the lead lodes in the vicinity of Pontgibaud 
are principally granite, gneiss, and schists, often broken through 
by dykes of porphyry, and frequently covered either by sheets of 
basalt, beds of cinder, or by flows of lava, from neighbouring 
extinct volcanoes. Two extensive lava-fiows, issuing respectively 
from the Puy-de-Louchadii^re and the Puy-de*D6me, unite near 
the smelting-works at Pontgibaud, and flow together for a con- 
siderable distance ; while tlie River Sioiile, which is in the immediate 
vicinity of the works, flows over a sheet of basalt, which on one of 
its banks is seen to be directly covered by a flow of lava. These 
volcanic phenomena, formerly so active, are now represented only by 
occasional mineral springs, and by an abundant evolution of car- 
bonic acid gas, which occasionally presents a not inconsiderable 
obstacle to the working of some of the mines. 
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The veins, of which there arc several, have a general 
direction of about N.E. and S.W. The veinstone of one only 
of these lodes consists chiefly of quartz, ttiat of all the others 
being principally composed of a felspathic rock, differing but 
slightly from the enclosing granite and gneiss. 

Near the surface the veinstone, as well as the enclosing rock, is 
usually more or less decomposed, but at greater depths they become 
gradually harder and less altered. The lodes frequently contain 
sulphate of barium, which is often well crystallizeil, but this 
mineral is only plentiful ne<ar the surface, and almost entirely dies 
out in depth. The q\iartz, which often accoinpai\ies the galena, is 
on the contrary more abundant in the lower levels than nearer 
the surface. 

The felspathic quartzose rock, which constitutes the most 
abundant veinstone, usually contains less mica than tlu^ sur- 
rounding granite ; but this is not invariably the case, particularly in 
large expansions of the veins, where the ore often appc'ars dis- 
seminated in a somewhat decomposed granite. It is also to bo 
remarked that the sterile parts of the lodes are usually bett(‘r defined, 
and are more frequently separated from the country rock by clay 
selvages, than are the more metalliferous portions of the sanni 
vein. 

The galena, which is always rich in silvcT, assumes various 
forms: sometimes it is extremely fine-grained like steed, at others 
it is lamellar, and less frequently it is found in the form of well 
defined crystals. The ore seldom forms b.inds ])arallel to the 
walls, but is usually disscmiinated through the veinstoije either as 
small branclu‘S or as detached grains; tlie country rock likewise 
often contains branches and spots of galena. 

The galena is often accom])ani(Ml by a little blende or iron 
pyrites, and, less frecpiently, by patches of fablerz. The mineral is 
chiefly found in shoots which, witliout having a large horizontal 
extension, hold downwards to considerable depths, while the intervals 
of unproductive ground are generally much longer than the courses 
of lead ore. There are also cross-courses, composed almost entirely 
of clay and seldom containing lead ores, wldcli traverse and displace 
the metalliferous lodes.^ 

Ancient workings, respecting the origin of which there are not 
even any traditions, afford evidence of the mines of Pontgibaiid 
having been somewhat extensively wrought at a very early 
date. 

Rivot and Zeppenfeld, AnnaUs des MineSy vol. xviii., 1850, p. 153. 
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A memoir by M. Guenyveau, published in 1822, furnishes some 
very interesting details relative to the history of early minieg in 
the neighbourhood of Pontgibaud.* 

The most ancient documents relative to these mines are letters 
patent granted 17th September, 1554, to the Seigneur de Lafayette, 
by Henry II., for working the mines of Combes, Roure, and 
Barbecot. In 1 739 the working of these mines was undertaken 
by M. Dulude of Pontgibaud, and afterwards by the Chapades 
Company. In 1781 the works were recommenced by MM. 
Engclvin and Dulac, who foriried an association called the 
Coinpagnie du Lyonnais. The operations were carried on until 
1792, when the works were abandoned in consequence of political 
events which caused many members of the association to leave the 
country. From this time the mines remained un worked until 
1826, when they were re-opened by M. de Pontgibaud under the 
direction of the celebrated M. Fournet, who was succeeded by 
M. Loupot, who remained in charge of the works until the year 
1844. In 183G the mines were purchased by a SocMt6 cn Com- 
mandite bearing the title of Alphonse Pallu et Cie., who in 1852 
transferred them to an English company, who entrusted the 
technical management to Messrs. John Taylor and Sons of London. 
Since that date the mines and smelting works have progressed 
steadily and satisfactorily, and have in the aggregate yielded large 
profits. Their present greatest depth (1883) is 110 fathoms, the 
workings being confined to the mines of Roure, St. Denis, Mioche, 
La Brousse, and Pranal. 

The quantity of ore treated at the srnedting works during the 
financial year 1879-80 amounted to 3,097 tons, of which 2,806 
came from tlu^ mines of Pontgibaud, while the remaining 291 
tons were ])urchased ores. 

These ores yielded: — silver, 174,012 oz., value £41,359; lead, 
1,424 tons, value £21,409. The quantity of ore smelted and 
desilverized during the year 1880 81 was 2,002 tons, of which 
2,717 tons were the produce of the Company’s own mines, and 
185 tons were purchased. 

The production of the smelting works was : — silver, 158,340 oz., 
value £39,952; lead, 1,044 tons, value £16,233. 

The lead ores of Pontgibaud, although variable in this respect, 
are always rich in silver, usually contain above one ounce of that 
metal for each unit of lead present, so that 50 per cent ores will 
contain above 50 oz. of silver per ton, and the lead flowing from 
1 Anmlcs dcs Mine?, vol. vii. 1822, p. 161 



PABT II.] 


FRANCE, 


241 


the smelting furnace will alwa^-s yield considerably above 100 oz. 
of silver per ton. 

The mines of Vialas and Villefort are situated in the depart- 
ment of Loz^re, but the veins of the first-named locality only 
are now worked. The granitic mass of Loz^re is on all sides 
surrounded by mica schists, which gradually pass into clay slates, 
and constitute the true metalliferous rocks of the district. These 
schists are in some places covered by more recent rocks, such as 
the Coal-measures of Grand Combe and Ress^gos, and occasionally 
by strata of Triassic, Liassic, and Oolitic age. All the veins which 
have been explored in these schists have been found lo continue 
down into the granite, where they becoiiui contracted into mere 
strings of from half an inch to an inch in width, and which 
consequently do not admit of being advantageously worked. In 
many cases lodes which, at the surface, a})peare(l only as narrow 
fissures containing little or no mineral, in depth produced con- 
siderable quantities of argentiferous galena, while, on the other 
hand, comparatively rich outcrops of lead ore have gradually 
dwindled and finally disappeared. 

Tlie different grou])s of veins and fissuri s found in the neigh- 
bourhood of Vialas are, in the following table, given in the order 
of their respective ages, as indicated by their intersections ; tlie 
first-mentioned being the oldest.' 


Oroi]p. 

Direction 

Group, 

Dlrcfiiion. 

J. Veins . 

. . K. ITN. True. 

6. Veins , , 

. N. 26" K. True. 

2. „ . 

. . E. 33° N. „ 

7. • 

. K. 18° N. „ 

3. „ . 

. , N.4rE. „ 

8. . 

. N. 40° W. „ 

4. „ . 

. . W. 20°N. „ 

9. Fissures . 

. N. 18MV. „ 

5. „ . 

. . S. 3‘’E. „ 

2 

y> 

. S. 33" E. „ 


In addition to the above, considerable displacements of the 
country rock have taken place from east to west. 

The veins of Group 1, which are not numerous but tolerably 
wide and well defined, dip towards the south at an angle varying 
from 75° to 80°. 

Lodes belonging to Group 2 are the most important of those 
which occur in the vicinity of Vialas, comprehending as they do 
all the more productive metalliferous deposits of the district. 
They all dip to the south at angles varying from 60° to 80°, but 
it would be difficult to state, even approximately, their average 

' Rivot, Sur ]es Filons de Gal^ne Argentifere de Vialas,’* Annales des Mines, 
vol. iv. 1863, p. 329. 

2 The relative age of these fissures not being determined, it has not been thought 
desirable to assign them a number. 

R 
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width. The barren portions of these lodes are usually very narrow, 
while their richer yiarts are often without well-defined walls, as 
the ore either extends into the enclosing schists, or the lode is 
composed of a number of reticulated veins «at varying distances 
apart. 

The veins constituting Group 3 are not numerous, and are 
of but little importance excepting as regards their displacing 
other lodes ; they dip towards the south at angles varying from 
70'^ to SO^ 

The veins of Group 4 are generally larger, and more distinctly 
defined, than any of the (others; they are seen in all the schistose 
region surrounding the central mass of granite, and often appear 
as ([uartzose outcr(.)ps, standing forty-five feet above the surfiice of 
the ground, and may be followed for long distances. 

Veins belonging to Group 5 are very iiiiinerous, and some of 
tliem have been well exposed in the various workings. They dip 
at an angle of 8.5'’ towards the west, and have smooth and well- 
defined walls. Tliey vary in width from two to seven feet, and are 
usually comj)osed of a carious ejnartz, whi(‘h is generally white, but 
is sometimes stained brown by oxide of iron. These veins do not, 
as a rule, contain any ore excepting at tludr inttu’section with others, 
but in such situations deposits of galena rich in silver sometimes 
occur. 

The v(iiiis belonging to Group (> are numerous. They dip 
towards the south-east, and are composed of spongy ferruginous 
(piartz. They liave usually well-dc^fincd walls, which are sometimes 
se])arat.ed from the veinstone by a sedvage of jdastic clay of a, 
dark colour. 

Heavy spar forms the exclusive veinstone of Group 7, the veins 
of which dip towards the south. 

The veins of Group 8 dip towards the south, arc chiefly 
composed of comriiiriuted schists, and are usually barren. 

Group 9 is n*presentiHl by a number of nearly vertical fissures, 
without slickensides, whicli divide all tlu‘ veins of the preced- 
ing groups, and sometimes displace them for a distance of about 
a yard. Some fissures coursing S. 33° E. contain no filling of any 
kind, dip west at an angle of about 45°, and appear to be of no 
jiarticular importa^ i ce . 

The period at whicli the mines of A^ialns were first worked 
is somewhat uncertain, but that they were wrought at an early 
date is evident from the fact that some of the more ancient 
excavations bear evidence of having been made by the aid of fire. 
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The more modern workings were commenced in 1781 upon some 
productive outcrops wliich about that time wore accidentally dis- 
covered, and smelting works were established at Villcfort for tlio 
treatment of the argentiferous galena ])roduced in tlie innmHliate 
neighbourhood. In 18:27 tliese mines wore abandoned, and the 
works Avere removed to Vialas. 

The annual proihietiim of silver in this establishment lias 
generally varied between 22,500 and 82, 150 oz., but in 185(> it 
reached 48,225 oz. In 1801 and 1802 the yield Avas 01,278 oz. 
and 02,049 oz. respectively. 

During the latter year tlie ])roduction of work lead Avas 807 
tonnes; and 1,980 kilogr. of silver Ava^re obtained from 870 tonnes 
of lead. Tlio Avork lead consequently contaim^d 107 oz. of silver 
per tonne. 

In 1880 the only mine besides Vialas AAwking in t hi' Depart im'iit 
of Loziu’e was Ispagriae, the yield of both during the yi'ar being 
returned at 577 tonnes of prepared argeiilberons lead on?, of tin' 
estimated value of 177,007 francs or X7,I00. 

Numerous metalliferous dcjiosits occur in thi' valli'ys of thi' 
Aveyron and Tarn, in the ncighbourbood of Vilh fninclic and Milhau. 
Tiiesc usually contain argcntiferousgali'na, accoiiqianii'd liy calamiiu' 
and by various ores of copper. The mines of lliis distriid. Avi're 
Avorked by the Romans, and in tin; tenth and sixtei iitb ((‘Utnries 
are said to have yiidded considerable amounts of silver, n ‘suiting 
in the establisliinent of mints for the coinage' of that mijtnl at 
Rodez and at Villefranche. These mines are stated to have Ihm'u 
a])andone(l in consc'qiu'uec of thi^ i*<*ligions Avars hy wliiidi tiie 
country A\^as devastated freun 1500 to 1597. 

The ancient copper mines e)f (dhe'ssy, situate.‘d in the Deq)a,rtment. 
e)f the Rhoni', ten miles north of Lyons, on tbe‘ left b.ank of the 
River Azergue, are famous fe>r liaving furnished the magnifiee'iit 
specimens of blue carbonate of copj)er, h(*rjce known as chessy/i/e. 
Crystalline and inetamorpliic rocks heni occur in iiniriediati! contact 
Avith Bunter Sandstones, Avliich is overlain, Avith a stei^p south-i^asierly 
(lip, by limestones of Liassic age. The mejre ancient rocks consist 
of granite, gninss, mica schist, and aphariite, knejwn to tbe minors 
as “ hemisteme,'' which predominates in the immediate neighbe)nr- 
hood of the metalliferous deposits. Tl»e general mode of occurrence- 
of copper ores at Chessy will be understood on referring to 
Figs. 58, 59, after draAvings by M. Raby, formerly manager of 
the mines.^ 

’ Anmles (k.s MUicSy vol, iA^ 1833, p. 393. 
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Four dififerent kinds of copper ores were formerly obtained 
from this locality, namely, yellow copper ore mixed with iron 
pyrites containing from 15 to 20 per cent, of copper, known as 



Fio. 58. — Copper ore <3ei)OHit.ClH*ssy ; tran.svc'r.sc section on c, d, n. f. 


vihu janne ; melaconite intimately mixed with iron pyrites; 
yellow copper ore, silica, and various other substances, known as 



Ficj. 50.— Copper ore deposit, Chessy ; horizontal section on k, b. 


mine grisc or mine noire; cuprite, mine rouge, disseminated in 
the form of laminae and crystals through a red clay; azurite or 
blue carbonate of copper, mine hleue, found either in veins or 
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disseminated in irregular concretions, and ^hen crystallized con- 
taining about 70 per cent, of copper. 

The mine jaune, consisting of mixed sulphides of iron and 
copper, marked a Figs. 58, 59, was found only in the aphanite, 
where it formed one large mass which, commencing a few yards 
only below the surhice, extended downward to a deptli of 100 
fathoms. This deposit was flattened in the direction of ilic 
bedding of tlie Mesozoic rocks, towards wliicli it dipped at an angle 
of 66° with the horizon. Its greatest thickness, taken at a depth 
of sixty feet fi'om the surface, was about forty-six feet, and its total 
length 100 fathoms. This mass of mineral was on all sides sur- 
rounded by more or loss decomposed aphanite, from which it 
was not separated by any wall or selvage^, the two materials being 
intimately mixed, and the one becoming gradually replaced by 
the otlier. 

The mine grise, 5, and mine noire, (\ were found in the form 
of separate rounded masses enclosed in a wedgo-sha])ed bed of 
greyish rock, which is interposed bc^tween tlui aphanite^ on tln^ 
one side, and the sandstone on the otlu'r. Tlu^ larg(\st of these on^ 
masses occurring in this r<K'k, which has })erlia])s betm produccul 
by the decom])osition of a])hanite, had a h'ngth of 86 ieet, a 
breadth of 9 feet, and a dej)th of 15 f(‘(d.. 

The mine rouge wais found disseminated in a vertical hoA of 
plastic clay of a reddish cedour, f/, where it was sometimes associated 
with a smtill quantity of native co])j)(‘r. This (hi[)osit commenccMl 
at the same level, and ceased at tlie same depth as that of the 
blue carbonat(*s. 

The carbonate of copper, representcid in the wa)odcut,s 

by the lines of shading, c, was found only in the beds of sandstone 
and in certain veins of clay witli wliicli they alt(*rnat(^ It usually 
occurred either in the forms of geodes lined with crystals, or in that 
of nearly solid mass(is having, in the majority of cases, a small 
cavity in their centn*, but less fre(|uent,ly it was coiu^fjntrated 
in veins parallel to the stratification of the* sandstone. The 
largest of these veins had a horizontal length of 800 fef‘t, a 
thickness of eighteen inches, and a depth uj)on its underlie of 
about ninety feet. 

With regard to tlie origin of tlujse ores M. Raby remarks that 
all the copper found at Chessy was, without doubt, originally 
deposited in the state of mine jaune, and probably at the same 
time as the more ancient rocks. Some of the masses of 
this ore were subsequently converted by chemical action into 
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vdne gri>ic or mine noire, while otlHM\s \vere decomposed and by 
the re-arrangement of their elements gave rise to the formation of 
mi'/te To'LKjc and mhie hlene. 

In the neighbourhood of Saint-Bel, a village six miles south-w€^st 
of Cliessy, situat(id on the Brevenne, a small river flowing towards 
the north-east, there were formerly co])per mines somewhat similar 
to those once worked in tlio last-named locality. Tlie granite in 
this districjt cljangos into gneiss, which soon disappears to give place 
to mica scliist acconipa-nied by clay slates and a])hanite. The latter 
rock forms beds of very varying extent, some of whicli are, however, 
as much as ninety fetd in thickness, and alternate with beds of mica 
schist or clay slate. 

These, of whicli the strike is from north-east to south-west, are 
v(‘ry nearly viatical, and associated witl) tlu'in is a ])arallel bed of a 
friable unctuous white schist, in whirh the whole of the cop])er 
occuiT(‘d a.s thin veins of (halco])yrit(? following the direction of the 
planes of strati lication. This formation extends for a considerable 
distances but is, in many j)laces, covered by rocks of more recent 
origin. The ])rirK*i})al deposits fornnu’ly worked in the neighbour- 
hood of Saint-Bel were those of Chevinay, Pylon, Sourcieiix, and 
(lervais. Like those in the Chessy district, all these mines have 
long ceased to be wrought for copper. The only mining now being 
carricul on in the district is for iron pyrites to be emjJoyed in the 
ma.nufiict.ur(‘. of sulphuric acid. The total production of this mineral 
ill France in the year 1881) amounted to B12,28S tonnes of the 
aggregate value of £8:1,812; of this amount 93,000 tonnes were 
obtained from Saint-Bel. 

The Pyueneks, — The Pynmees abound in (h‘])Osits of iron ore, 
which occurs both in the form of siderih^ and haaiiatite ; they do 
not, howc'ver, yiekl any largo amount of the ores of the other 
metals, although mining for lead and copper was formerly carried 
on at various points. 

The most important lead mines at present in operation 
are those of Sentein, situated in the canton of Gastillon, Ariego, 
at an elevation of (>,888 feet above tlie sea level, and worked by 
galleries diivmi on the course of tbe lode from the side of the 
liiountain.^ 

The deposit is a contact lode, with Mountain Limestone as the 
foot w^all and schist as the hanging wadi. The direction of the 
mineral-bearing jiortion is N. 10° E, wdtli a westerly inclination at an 

^ I am inde}>ted to lUr. Ernest du U. Lukis, of St. Fiacre, for the information 
relative to the Sentein Mines. 
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angle of about 60°. The lode consists of quartz, calcite, capcl, &c., 
and the upper portion carries a gossan next tlie hanging wall, 
which contains rich deposits of carbonates, sulpluites and sul- 
phides of lead, together with blende and (ralaniine. The knvt‘r 
portion is a strong lode of cpiartz, &c., containing galena mixed with 
blende. 

The district at the base of the mountains, reaching to an 
elevation of from 3,2S0 to 8,036 feet above sea level, consists of 
schist. This is covered by limestone varying from 164 feet to 
several hundred feet in tliickncss, above wdjich is an irregular layer 
of schist. The ore-bearing lode, wliich occurs between tho 
schist and the limestone, may bo traced for a great distance along 
the ridge of the mountains following the horsc'shoe curves of the 
strata. Above the scliist is another limestone wdiich, wdth (juartz, 
forms the peaks of the mountain. This (piartz does not contain 
gold, although the galena sometimes gives as much as 3 dwt. of 
fine gold per ton. 

The lowest strata of scdiist contain ])oor lodes of co})p(‘r ])yrit(*s 
and some carbonate of cop]>er, wdtli bands of ironstone. Hicmatito 
and deposits of blende are met wdtli near the summit of the 
range, but are not workabh*. 

Tlje galena, enriched by mechanical means to 78 )K‘r cent, of 
metallic lead, gives 580 grammes of silver or about 18^ oz. }K‘.r 
tonne. The carbonahi of lead, at 72 jier cent. cd‘ metallic lead, but 
containing a little sul])hide, yields 800 grammes of silviT })er tonne. 
Very little silver is lost during thc^ mechanical treatment of tljese 
ores. The blende contains no silver. 

The annual production of the mines varies very much, owing 
to the inclemency of the weather at the altitude at wliicli they are 
situated. In 1882 tliere were sent to the dressing lloors about 
11,500 tonnes of crude ore, giving about 850 toniuiS of marketable 
lead ore and about 1,100 tonnes of marketable blende. 

About ten miles from Aulus, Ariege, may be observed remains 
of some ancient excavations, together witli outcrojKS of metalliferous 
deposits containing iron pyrites with traces of argentiferous galena 
and blende, but consisting principally of oalcitci and fiuor spar. 
This mine, which is known as the Argentiere, has Ikhui repeatedly 
worked at various periods, but lias now been abandoned for 
many years. Among the ancient mines sometimes spoken of in 
this part of France are those of Baigorry, Basses-Pyrenees, winch 
formerly yielded a small (quantity of copper. 

The most irnpcjrtant iron deposits are probably those of Ilanci(3, 
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near Vicdessos, which some years since kept no less than fifty 
Catalan forges constantly supplied with suitable ore, and are known 
to have been worked during a period of more than six hundred 
years. The enclosing rocks are white granular limestone, a less 
crystalline grey calcareous rock, and argillaceous schists of Jurassic 
age. The iron deposits of Rancie occur in nearly vertical beds, one 
of which is so })errneated by brown and red haematite, spathose iron 
ore, and occasionally with oxide of manganese, that ore frequently 
bec(unes the ])revailing material. The limestones are often mucli 
coloured by oxi<le of iron, and are traversed by numerous veins of 
pure hamiatite containing druses lined with concentric layers of 
brown and red oxide of iron. This bed, which has an average 
thickness of about sixty-five feet, can be traced from the bottom of 
the mountain to its summit, a height of 1,970 feet, while its 
inferior limit has never yet been reached. The parallelism of this 
formation with the surrounding strata caused them for a long time 
to be regarded as being of contemporary origin, but M. Dufrt5noy, 
who some years since examined this deposit, inclined to the 0 ])inion 
that the dei)osition of iron ores took place subsequently to that of 
the enclosing strata. 

The Canigou deposit exhibits the mode of oecurrence of 
spathose iron ores upon a still larger s('ale. A mass of granite has 
here pierced the surrounding stratified rocks, and along au 
ellii)Soidal zone, having a maximum diameter of about ten miles, 
where the two ditferent r(jcks come in contact with one another 
are numerous deposits of carbonate and oxide of iron. In this way 
the mines of Batere, Rocas-Negros, Drogufere, Olette, Fillols, 
Vcllestavia, Saint-Martin, &c., are arranged around the central 
mass of granite. Numerous deposits of iron ores and of other 
metalliferous minerals occur in the Pyrenees, but they are generally 
of limited dimensions and are, for the most part, unworked. 

The AlPvS. — Numerous deposits of iron ore are worked in the 
French A1])S, but mining for the ores of other metals is not carried 
on upon a largo scale. 

The small but well-cultivated plain which lies below Bourg 
D’Oisans, Ts^re, is traversed from south-east to north-west by 
the River Romanche, and from east to w'est by the Olle, one of 
its tributaries. Immediately north of the conduence of these two 
streams the mountains of Ohalanches, a spur of the Alpine chain, 
rise to a height of G,700 feet above the plain, or about 9,000 feet 
above the level of the sea. The upper portion of this range is 
composed of a gneiss in which felspar and hornblende are always 
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abundant, although quartz and calcite are sometimes also plentiful ; 
while epidote, chlorite, talc and mica are by no means uncommon. 
This rock, although occasionally fine-grained, more frequently 
exhibits a coarse porphyritic structure, but in the vicinity of veins 
the felspar and hornblende, which are elsewhere present in a 
crystalline form, often graduate imperceptibly into the suiTounding 
ground-mass. The beds presi^nt considerable undulations, but their 
general strike is nearly north and south with a dip towards tlu^ 
west. Near Allemont, on the east, the gneiss is overlain by 
hornblendic scl lists. 

The discovery in the year 1767 of native silver in this locality 
by a goatherd wliilst in search of a strayed kid, resulted in mining 
operations which ultimately extended from a height of 4,100 foot 
to 4,970 feet above the level of the plain, and necessitated the 
erection of store-houses and dwellings upon the mountain side. 

Among the principal lodiis which have been, at various times, 
worked at Chalanches are the following : — ^ 
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Although these lodes generally measure but a few inches, and 
average less than a foot in width, they sometimes, for sliort 
distances, assume a thickness of as mucli as 2'J feet. Tlie veinstone 
very closely resembles the enclosing rock, consisting of tlie same 
materials although in different pro])ortions ; but containing, in 
achiitiou, some other minerals. Quartz and calcite are always 
present, hornblende is perhaps somewhat less plentiful, while 
chlorite, talc, mica, asbestos and epidote are found only occasionally, 
and in comparatively small quantities. 

Calcite, chlorite, asbestos and epidote are often associated with 
silver ores, but earthy brown iron ore more frequently accompanies 
the richer metalliferous deposits. The prodmje of these veins prin- 
cipally consists of native silver, antimonial silver, freieslebenitc?, 
stepbanite, pyrargyrite, and occasionally^ a little liorti silver. Those 
minerals are often accompanied by ores of cobalt or nickel, or by 
both, and various ores of antimony, load, and copper, are likewise 
thinly disseminated through the veinstone. The Bris(3e Vein is a 

^ W. J. Henwood, Travs, Geo. ^oc. Cor/uraU, vol. viii. part i. 1871, p, 520. 
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cross-course wliich ditfers less in direction from some of the lodes 
than, in this resyiect, they differ from one another. It dips at a 
higher angle than any of the veins in its vicinity, and is w ider than 
tlie widest lode in the district. It consists \vholly of gneiss, and in- 
tersects the Hercule Lode, displacing it about twelve fathoms 
towards the right. 

In tlie hornblendic schists wliich succeed the gneiss near Allemont 
on the .south-east, an unsuccessful trial was made on a vein bearing 
E. 25° N. and dip])ing towards tlu* w^est. This measures about 
eighteen inches in wddth, and is composed of disintegrated slate 
and (piartz, which is spotted with black oxide of manganese 
and specular iron ore. 

These mines were worked at so great an elevation and at such 
a distance from every habitation that, even in summer time, the 
workmen seldom visited tlicdr families except on Sundays, and 
during many of the wintiT months all (communication with their 
nc^arest rieigbbours was entirely cut off by frozen snow-drifts many 
miles in (^xtcmt. In .spring the steep and ill-rnado roads were 
always found to have bc'en rendered almost impassable by ava- 
lanches and tlie giuuM'al thaw, so that it was necessary to collect at 
the mini's during the summer all materials, tools, food, fuel, and 
otlii'T re(pnsites, for the winter. Witli the view of reducing to a 
minimum the cost, of carriage, evc;ry tool and utensil was slia[)ed 
upon till'- plain helow, which materially added to the ordinary 
expenses of working. 

Tlie mines of Clialanehes have been wrought at various periods, 
and the ores raised wore smelted at Allemont. From 17()7 to 177t> 
they were worked on account of the (Government; from 1770 to 
17112 by the Comte de Provence, afterwards Louis XVIII., and 
from 1702 to LSOS again on account of the Government. All sub- 
sequent workings wdiich have been undertaken by various lessees 
have, without exception, resulted unsatisfactorily. 

From 1707 to 1802 the <|uantity of silver extracted amounted to 
25,226 lbs, troy, of the value of £83,029, while the general ex- 
penditure was £75,626. The net profit realised in thirty-six years 
w^as therefore £8,202, equivalent to an average profit of about 
£230 12s. Od. per annum. 

The mine of Cere.sier, Alpes-Mantimes, worked by the Societe 
lies Mines du Var, at the present time produces a larger amount of 
copper ore than any other in France. In the year 1880 the pro- 
duction amounted to 8,000 tonnes of an ore containing about four 
per cent, of copper in tlie form of olialcocite. Of this amount, 
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5,000 toiinos were couceiitnited ixs a preliminary tu being troaWd 
by a process for the extraction of copper by lixiviation. 

Excepting the ores of iron, the amount of which has been alreml}^ 
stated (p. 233), the piodiiction of metalliferous minerals during the 
year 1880 was as follows : — 


ei;oDccTLO\ IN France of Metaluferocx MiNEiiAi.x <h'iif.r than Iron Okf.x 

DURING THE YEAR 1880 . 


Ouacrijititui of Ore. 

Weij'ht. 

\nliie. 

Lead and silver ore 

I'onnes. 

Fraiir.s. 

£ 

13,990 

3,229,880 

129,17.5 

( Iopj)er ore 

8,849 

149,438 

.5,977 

Ziiu; ore 

12,180 

9,0.02 

38.^422 

1.5,417 

Maiigauese ore . . 

.W2,718 

21,309 

1 Antimony ore ... . 1 

1,214 

24.3, 4 10 

9,737 

Iron Fyritcis 

1.82,288 

2,095,290 

j 

83,812 

Totals . . 1 

! 

]77.9;]2 1 

i 

i 

o,r»3.5,(;94 

20.5,427 


BELGIUM. 

Taking into account its limited area, Belgium is, in resjiect to 
its mineral wealth, one of tlie most productive countries of tin*, 
world. Coal, iron, lejtd, and zinc ores constitute its chief niinejal 
resources, but, in addition to thes(‘, it furnishes numerous valuable 
mineral substances emi)loyed either as building material, for 
agricultural purposes, or in the arts and manufactures. 

Iron. — The iron ores worked in Belgium arci haiinatite., limoniU^ 
and clay ironstone. The latter is sometimes associated witli limonite, 
but also occurs in independimt de])osits, wliich are, howev(‘r, 
usually too small to admit of being worked with advantage. 

Haematite occurs in vjixious (conditions and on very different 
geological horizons, but that which is almost exclusively employed 
is in the form of oolitic or pisolitic grains. In this state it forms 
important deposits in cpiartzose schists whicli underlie tlie Coal- 
measures, ami crop out on both sides of the valley containing the 
coal, Tlie principal iron mines are situated on the north side of the 
valley where, in the neighbourhood of Vedrin, there are four distinct 
seams of ore, respectively 2| inches, 4 indies, 8 inches, and Hi 
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inches in thickness, forming with the intercalated schists a bed 
nearly four feet thick. 

At Marchovelette there are five strata of iron ore varying in 
thickness from 4 to 8 inches ; while at Ville-en-Waret there are 
four beds, two of which vary from 8 to 20 inches in thickness, 
which with the interstratified schists form a group of about twenty- 
four feet. At Houssois, near Vezin, the haematite attains a 
thickness of about seven feet. The beds of haematite are, at various 
points, intersected by veins and faults, in the vicinity of which both 
the ore, as well as the enclosing schists, are not unfrequently 
impregnated with pyrites, galena, and other metallic sulphides, by 
which the quality of the former is moro or less impaired. The 
workings along tlie outcrop on the south side of the valley, are 
much less important than those on the north. The principal mines 
are near Huy, where there are two layers of haunatite having a 
united thickness of little less than four feet, separated about one 
foot of shale. The average yield of these haunatites is from 35 to 
40 per cent of metal. 

Liraonite occurs in various forms, and in deposits of very dif- 
ferent geological age. In the more recent formations it is found in 
beds, sometimes above three feet in thu^kness, rcq)osing in depressions 
in argillaceous sands mainly situated along the banks of the rivers 
Demer, the two Nethes, and their affluents. The ore from these 
deposits, whicdi arc concretionary and porous, contain about 40 
per cent, of iron, with a con.siderable amount of 2 >hosphorus, but 
they are easily reduced. A siliceous limonito, containing 2 )hosphorus, 
is worked in a Quaternary formation near QueWy, in the province of 
Hainault. This ore, associated with an argillaceous sand, forms a 
bed from 3 to 5 feet in thickness, enclosed in a depression in 
Tertiary sandstone. 

The isolated and superficial deposits of iron ore which occur in 
the province of Luxembourg, and notably at Ruette, Athus, 
Toenich, &c., likewise belong to the Quaternary age, and rej^ose upon 
Jurassic rocks. Those ores have apparently resulted from the dis- 
integration of Jurassic rocks during the Quaternary period, and 
contain from 30 to 45 per cent, of iron. 

The Jurassic formation constituting the surface of tlie southern 
portion of the Belgian province of Luxembourg, as well as the 
Grand Duchy of that name and the northern part of Lorraine, is 
exceedingly rich in iron ore, and furnishes import^ant supplies to 
the Belgian ironworks. The ore from these localities is known by 
the name of m inette, and is a fine-grained oolitic liraonite which 
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occurs in extensive deposits in Luxembourg and Lorraine, but less 
plentifully in Belgium. Near the French frontier the beds of this 
ore are from 5 to 6 feet in thickness, and the ore contains from 
30 to 45 per cent, of iron. Tlie gangue consists principally of calcit-e, 
with a little silica and gypsum. 

The rocks comprised between the lower qiiartzose schists and 
the coal formation, enclose many important dc'posits of limonite 
which, up to tlie present time, have furnished the larger portion of 
the ore consumed in the Belgian ironworks. These deposits are 
often very extensive, and the ore always occurs either in masses or 
veins, but never in the form of beds. The largest production of 
iron ores in Belgium was in 1865, when it amounted to 1,018,231 
tonnes. In 1875 it was only 365,044 tonnes, and in 1881 it was 
further reduced to 224,828 tonnes. 

Lead and Zinc, — Lead ores occur in Belgium in the older 
formations only, where they are found in veins and masses, either 
alone or associated with blende and pyrites. The veinstone usually 
consists of calcite, heavy spar and quartz, together with clay and 
limonite ; in massive dc])osits iho gangue is generally a dark 
clay. Galena, whicli is found in numerous ]>laces, many of which 
are not of sufficient importance to pay the ex])enses of working, 
is frequently ac(‘ompaniod by other ores of load, such as cerussitc^ 
and pyrornorpliite ; it is also often associated with blende and 
calamine. 

The most productive lead mine of Belgium is that of 
Bleyberg, near Moresnet, which is worked upon the only vein 
in the country, which, after having traverscul the Carboniferous 
Limestone, penetrates the Coal-measures. Considerable masses 
of lead ore are found along the line of contact of tliese two 
formations, but they are w’orked with difficulty on account of the 
very large influx of water. 

The most important zinc ore of Belgium is zinc carbonate, 
commonly known as calamine. The hydrous silicate, is of 
less frequent occurrence, as is likewise the anhydrous 
silicate of zinc, or willemite. Blende is almost constantly found 
in association with the other ores of zinc, but, as its metal- 
lurgical treatment is more expensive, its value is proportionately 
less. The ores of zinc, like those of lead, are found in the older 
formations only, and usually occur either in Carboniferous Lime- 
stone, or in rocks of Devonian age, where they form lodes and 
irregular deposits, associated with galena and iron pyrites. These 
massive deposits are sometimes several hundred yards across, and 
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The Bleyberg lead vein * is enclosed in the Carboniferous Lime- 
stone, and in the Coal-measures overlying it. The general direc- 
tion of the lode is north-west and south-east, forming with the true 
north an angle of 57°, and with the stratification one of about 115°. 
It can be recognised for a distance of 3 miles in the Coal-measures, 
and above IJ mile in the limestone. This vein is cither vertical, 
or dips at an angle of from 75° to 80° with the horizon, sometimes 
to tlie east and sometimes to the west. No fault or cross-course 
is known to exist, hut it is believed that a change of direction 
towards the north may have lx)en caused either by a heave or by 
a bifurcation of the vein. 

The filling of the lode, when enclosed in the Coal-measures, is, 
to a large extent, made up of the (Uhris of soliists, sandstones, and 
grits, whicli, having fallen into the fissure, have partially filled it. 
Wlieri the vein traverses rocks liable to crumble or disintegrate, 
these fragments are invariably most abundant ; but, when the 
country rock is hard and compact, they are less numerous and leave 
larger space's to become filled in another Avay. 

During the time tliis partial filling of the opening with country 
ro(dc was actually taking place, or some time subsecjnently, the 
fissure and its contents have been subjected to the action of waters 
coiitainiug, in solution, various metalliferous substances, and these 
have been deposited in the cavities existing between the fragments 
of the material already partially filling the \oin cavity. In this 
way tlie filling of the fissure has been partly mechanical, occasioned 
by the falling in of the sides, and partly chemical, ]>rodnced by the 
do])osition of minerals from w^aters holding them in solution. No 
eruptive rocks have been met with in the district under consider- 
ation. The veinstone frequently exhibits a concretionary structure, 
and where the roc^ks arc hard, and the spaces between the frag- 
ments necessarily largo, the metalliferous minerals are deposited in 
ribbon-like bands. These dei^osits of mineral are composed of 
alternate layers of blende and galena, the two being but seldom 
mixed. Alternate layers of this kind have been frequently repeated. 


^ Much information relative to the mineral resources of Belf»uim has been 
derived from Mr. J. 1). Hague’s report on “Mining Industries in Connection with 
the Paris Exhibition, 1878,” Washington, 1880. 

- See pamphlet published by the Bleyberg es-Montzen Company during the 
F'xhibition of 1878. Extrait du Catalogue de I’Exposition de riiulustrie miuerale 



BELGIUM. 


255 


PART 11.] 

the blende having evidently been the first mineral deposited. The 
galena carries small quantities of copper, antimony, and silver, with 
traces of other metals. 

Ribboned deposits of blende and galena have been unable 
to form in those parts of the vein where the wJiole of the 
fissure had been already filled with })ioces of the country rock, but, 
in the majority of cases, these fragments have left between tlicm 
spaces of greater or less dimensions. In such places the blende 
and galena have taken the exact shape of tlie cavities left, and 
liave surrounded the fragments of country rock, so as not only 
to preserve their form but also tlieir sharpness of outliru*. 
For considerable distances on the length of the fissure tlu^ 
filling of schist has been so comjdetdy disintegrated that it has 
become filled with unctuous clay, which, being almost cnnq^leti'ly 
impermeable by water, has caused certain portions to bo almost 
completely barren. In these portions of the lode blende and 
galena are sparingly disseminated in the form of nvinute grains 
with a few occasional goodies, and with, occasionally a finv crystals 
of various minerals, in strings and cracks. At Bltyherg tl)c‘ 
influence of the country rock ap|)t‘ars to be limited to the efi'ect 
]>roduc(Ml by tlu' amount of material falling into tlic fissun‘, and 
the spaee conse([ueiitly left opem for the circulation of niiiun‘al 
waters, and for the (h‘posit of on s. 

The waters have not intro(luc(‘d into the Bloyh(‘rg Lode a, 
sufficient amount of metalliferous mab^rial to fill all the cavitic^s 
remaining open, and these have siihscupiently been closed hy 
deposits of caleito and silica, removed from thc^ surrounding lime- 
stones and schist.s by the agency of \v;iters impregnated with car- 
bonic acid. Ferruginous minerals have btaui iutroduc«'(l into the 
lode in a similar w'ay, and iron pyrites is not unfre({uent]y met 
with in a compact or cavernous form, in tliat of stalactites, or as 
thin strata in geodes, often lined with crystals of blende, galena, 
or cal cite. 

In studying tlie genesis of tins lode anotlier phenomenon must 
not be lost sight of, and that is, that during the progress of t}H3 
deposition of these minerals, or perliaps afterwards, the vein fissuix^ 
Avas several times re-opened. These na-openings of the vein have; 
imparted to the mass movements which not only led to a partial 
re-arrangement of its contents, but likewise resulted in certain 
physical effects. In this way there has been a sinking of one or 
other of the walls of the lode, or a depression or elevation of its 
filling, giving rise to slickensidcs and vertical striatioris of tlie 
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surfaces. In this way also the regularly foliated deposits of ore 
have become displaced, turned over, and mixed with those of an 
irregular and fragmentary nature. Finally, at one period of its 
formation, the vein fissure, while opening at one side, was gradually 
closing on the other, which at such points resulted in the crushing 
of its filling and its reduction to the state of angular fragments. 
When the re-opening of a vein fissure occurs during the percola- 
tion or passage through it of mineral waters, deposits will take 
]dacc upon the surfaces of the fragments resulting from crushing, 
find it is not uncommon to find in the Bleyberg Vein a deposit of 
perfect crystals upon broken cr 3 \stals of the same or of some other 
mineral. The metalliferous portion of the lode, together with the 
various associated minerals constituting its filling, has an average 
width of nearly three feet ; but the enclosing Coal-measures exhibit 
the effects of the disturbing influences of the rent for a width of 
above thirty-six feet, within which limits the country rock is 
crushed, and, to some extent, displaced. 

The deposits of substances introduced by the mineral waters 
before referred to, sometimes occupy one side of this broken ground, 
and sometimes the other ; but their passage can always be traced 
by the metalliferous, calcareous, or siliceous materials which fill its 
fissures. On either side of this disturbed zone the rock remains 
entirely unchanged, and is without any trace of extraneous minerals, 
even along its planes of stratification. 

In the Carboniferous Limestone the filling of country rocks 
resulting from the disintegration of the walls, no longer consists 
of schists, sandstones, and grit, but is almost entirely composed of 
limestone with some blende and galena. The ores here found are 
precisely identical in composition with those occurring in the Coal- 
measures ; they crystallize in the same dominant forms, and contain 
similar proportions of copper, antimony, and silver. In the upper 
part of the limestone there are found, without any recognised order, 
carbonates of lead, zinc, and copper, which usually enclose kernels 
composed of the sulphides of the same metals. 

The phenomena of the re-openings of the fissure, of the mixing 
of its filling, and of the crushing by its walls of the veinstone, are 
seen even more distinctly in the upper portions of the limestone 
than they are in the Coal-measures. At this point the limestone 
above the fracture has been eroded into an opening above 1,600 
feet in length, 180 in width, and from 180 to 250 in depth. 

On the walls of this cavernous space, and on the surfaces of a 
material resembling geyserite, large quantities of blende and galena 
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were at some time deposited, but by subsequent violent sliooks they 
have become detached and mixed with various other bodies, includ- 
ing fragments of some of the older rocks. Nothing can bo more 
instructive or interesting tliaii these accumulations,!!! which, although 
all the minerals and ganguos occur in the form of fragments, each 
individual piece, either by its banded structure or by the arrange- 
ment of its crystals, bears distinct evidence of once having formed 
part of a regular deposit. On the eastern wall of the cavern 
deposits of blende, galena,, ca.lcite, &c., are sometimes found in din, 
and still adhering to tlie rock, just as they were left by the waters 
through the agency of wliich they were deposited. 

A large mass, principally of gahaia, also occurs at tht‘ junction 
of the Coal-measures with the Carboniferous Limestone, at which 
point it would appear there was formm ly a lake-like diquessioii 
siip]>Ued with pluinbiferous waters. In this way was probably 
produced a large deposit of lead ore, in all resjxicts idcaitic al in 
composition with that obtained from the lode, altliougli forming a 
solid mass and entirely without any admixture of iraguKaitary 
country rock. This mas.s, which n'sts upon a somewlia-t, (.‘xtimsivi^ 
base of the Coa.l-nieasiir(‘ formation, has nev(‘r been disturhcxl as 
in the case of tlie lod(‘, in whi(*h tlu; crushing and mixing of ilio 
ores has resulted from the n‘])(‘ated r(‘-opeuing t>f tin; lissun; and 
the conse(pient movements of its walls, d'his d(q)osit conu's to 
within twenty yards of the ]U‘esent surfa(‘e, and is eovi'red by 
detrital matter from the C^)al-m(*.a.sures, and by various shali^saaid 
rocks of Tertiary age', all stratified hori^iontally, l>Lit unconfoi’inahly, 
with the Coal-measures and sandstoii(‘s. 

The amount of watt a* peivolating inlo tliti lllcwherg mines is 
unusually largt.*, geiita'ally amounting to 7,2ti0 gallons pt‘r minutt', 
but, exceptionally reaching 12,000 gallons ])er mhinttj, which is 
pumped from a dejith of 507 feet. Erom the datt; of tlui ihrnia- 
tion of the present Company, 1850, up to May LS78, tins mine had 
produced 86,850 tonnes of zinc ores and 80,876 tonnes of lead ores, 
during which time it had repaid its ca})ital four times over. 

The important deposit of calamine at Altenherg or Kelmis- 
berg belongs to the Vieille-MontagHe Cum 2 >any, and is situattid near 
Aix-la-Chapelle, in the immediate vicinity of the village of Moresnet. 
It occurs in the lower strata of the Carboniferous Limestone, whi(‘h 
are, for the most part, converted into dolomite, and fills a hasiri-like 
dejiression, of which the longer axis has a len gth of GOO yards, while 
its width varies from 200 to 260 yards. This basin of zinc ore and 
dolomite is, on one side, raised towards the surface and, on the other, 

B 
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dips beneath it, being itself enclosed in soft Devonian schists 
which come to the surface on both sides. A bed of quartzose 
dolomite, which carries large quantities of water, separates the two 
rocks, and in all directions bounds the deposit with great regularity. 
The ore, which towards the surface is principally composed of very 
pure calamine witli scarcely any admixture of blende or galena, has 
nearly filled the tilted basin before referred to, and crops out at the 
surface for a considerable distance. 

At Keimisberg the zinc ore being entirely surrounded by dolomite, 
nowhere comes into contact with other rocks, and can scarcely be 
regarded otherwise than as resulting fn)m the gradual transforma- 
tion of the enclosing dolomite into zinc ore by an exchange of 
bases effected through the agency of metalliferous waters. This 
remarkable deposit of ore w^as most extensively developed near the 
surface, where it reached a length of 49u yards and a width of 
180 yards. 

The most productive and most highly concentrated portion of 
the deposit is situated at the northern extremity of the basin, and 
is separated from the southern body of ore by a projecting point of 
dolomite. Towards the south-west the deposit is continuous, but 
is hidden under a capping of dolomite beneath which it has 
been followed to a depth of 120 yai*ds. While, at the surface, the 
ore consisted chiefly of carbonate of zinc, it, lower down, became 
mixed with hydrated silicate of zinc, which gradually increased in 
quantity until it eventually formed the larger portion of the ore. 
Anhydrous silicate of zinc, willemite, has always been found in 
large masses scattered without any apparent rule throughout the 
other ores. 

The first shafts are said to have been sunk during the fifteenth 
century for the purpose of supplying calamine to the foundries of 
Aix-la-Cliapelle, the proprietors of which, without any knowledge 
of the metal it contained, employed it in the manufacture of brass. 
The largest yield was in 1855, when it reached 137,000 tonnes of 
ore as it came from the mine, or 50,900 tonnes of concentrated ore. 
Since the year 1856, the workings have been carried on under 
ground, and it is known that up to 1878 about a million and half 
tonnes of first class ore had been extracted from these deposits. 
The almost chemically pure zinc, which is employed for making 
Uanc de nevje and for art-castings, is exclusively made at the 
Moresnet works. 

The bed of zinc ore at Welkenradt^ occurs between coal- 
^ M, Braun, Zeitschr. d, d. geol. QesdUch.^ vol. ix. 1857, p. 354. 
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shale and Carboniferous Limestone, extending for a distance of 
more than 120 fathoms along the strike. It dips, like the 
adjacent beds, at a very high angle, and, with them, has under- 
gone the same folding and faulting. The foot wall, which is in 
contact with the limestone, consists of either compact, drusy, 
foliated, shaly, or earthy hydrous silicate of zinc, whicli, in 
the higher levels, becomes ferruginous and passes into ironstone, 
or into a shaly mass with enclosures of limonite. The hanging 
wall, in contact with the shale, consists of a black clay, \\ hich 
contains nodules and fragments of various metallic sul})hiiles, such 
as concentric blende, galena, and pyrites. This sulphide-bearing 
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zone which is of much greater extent than that producing zinc ores, is 
known as the foot wall of the Coal-measures, and is justly regarded 
as an interstratified deposit. In Fig. 60, after Braun, which 
represents this deposit, a is limestone, h shale, c clay containing 
ironstone, d shale with galena, &c., and e hydrated silicate of zinc. 

The production of metalliferous minerals in Belgium has for 
some years been gradually decreasing, although their importation 
into that country for metallurgical treatment is \ery large. This 
decrease of yield appears to affect almost equally all the ores 
produced, and it may consequently be of interest to reprint the 
following table from an official source.^ 

^ Royaume de Belgique, Miiiistere des Travaux Publics, Compte Jicndu des 
Opiraiions Peitdant VAnnHy 1881, Mines^ p. 5, Bruxelles, 1882. ^ 

s 2 
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Table showing the Production of Metalliferous Minerals in Belgium 
DURING Ten Years from 1871. 


1 

Zinc Ore. 

Lead Ore. 

Iron Pyrites. 

Iron Ore. 

Total Values. 

Years. 

Quantities. 

Values. 

Quantities. 

Values. 

Quantities. 

Values. 

Quantities. 

Values. 


Tonne.s 

Francs. 

To tines 

Francs, 

Tonnes 

Francs 

Tonnes 

Francs. 

Franc.s, 

£ 

IK72 

35,177 

3,7(50,000 

11,887 

1,930,000 

40,932 

985,000 

749,781 

7,390.00!) 

14,077,000 

5(53,080 

1873 

42..5K2 

3,014,000 

11,280 

2,185,000 

3 5.051 

1,0(50 0<i0 

777,409 

7,834,000 

14,091.000 

.563,640 

1874 

43,299 

2,707,000 

10,891 

2, 5 94.000 

28,872 

778,00) 

.527, .‘K'O 

.5,178.000 

10,8.57,000 

431,280 

187.5 

42.504 

2,878,000 

10,. 5(57 

2,005 000 

30,747 

807.0(10 

3(5.5,014 

3.423,000 

9,113,000 

364,520 

187(5 

37,713 

2, .5.55,000 

12,422 

1.7(t2,00() 

2.‘5,.588 

.5(50 000 

209 20(5 

2,158,000 

7,2Sl,fi00 

291,240 

1877 

44,987 

2,505,000 

11,. 54 2 

1.019.000 

2(5,207 

039,000 

234,2 >7 

2,158,000 

7.221,000 

288.840 

1S7H 

4.5,293 

2.479,000 

13,477 

1,. 54 8,000 

21,721 

52;5,0!»() 

207,157 

1.75^,000 

fi,.3()S,<'()0 

252.320 

1870 

42,fi^9 

2,145.000 

9,384 

1,087,000 

15,577 

.3.>4.()00 

10.5,212 

1,50 7.000 

5.123,000 

204.920 

1880 

38,80.') 

2,242,000 

5,431 

892,000 

7. 91. 3 

1(54,000 

2.53,499 

1,875,000 

5.JT3,0(>0 

20(»,920 

1881 

23,553 

1,195.000 

3.741 

057,000 

2, *05 

49,000 

221,882 

1,817,000 

.3,718,000 

ns, 720 


With the exception of small quantities obtained from surface 
deposits in the provinces of Limbourg and Antwerp, tlie iron ores 
returned for the year 1881 were the produce of Liege, Namur, and 
Luxembourg. 


THE GERMAN EMPIRE. 

Germany is undoubtedly the classic land of mining, since it 
not only comprehends extensive areas of exceptional metalliferous 
importance, but it was here that the kindred arts of mining and 
metallurgy were first systematically taught ami practised ; while 
at the present time the various mining academies of the German 
Empire are the resort of students from all parts of the civilized 
world. The German miner of the middle ag(‘s, like his Cornish 
representative of to-day, was an active pioneer and persevering 
colonist. In the twelfth century he founded Schemnitz and 
Kremnitz in Hungary, and three centuries later Schmdllnitz and 
Kapnik were opened up by miners of the same nationality. 

About the middle of the sixteenth century numerous German 
miners and smelters were induced to settle in Great Britain, Queen 
Elizabeth, according to Sir John Pettus, having been advised to 
take this step “from Her observation of the inartificialness of 
former Ages in this concern, which may be collected from Her 
sending for and imploying so many Germans and other Foreiners 
(where Mines were plentiful and the Arts belonging to them), who 
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might put us into the tract of managing ours, in finding and 
d/igging them, and in smelting and refining Metals!* ^ 

Rhine Provinces, Westphalia, &c. — The ore deposits of 
this area are exceedingly numerous, and consequently some of the 
more important only can be noticed. 

The oldest account of the occurrence of gold veins in the 
Eisenberg, near (h)rbach, is given by Agricola, and it is stated by 
Briickmaim that gold was obtained from this source in the year 
15G0. Much more recently W. v. Eschwege obtained gold in the 
form of minute scales from <he alluvium of the Ed(ler, but in 
such small quantities as to render its extraction unprofitable, 
and moreover he in no case found a fragment of gold adhering to 
its matrix. 

Dieffenbach^ describes the Eisenberg, near Goldhausen, as being 
formed of quart.zoso and clay slates, the former being thinly 
stratified, much folded, fissured, and contorted. Copper ores, 
particularly malachite, azurito, chrysocolla and cuprite, occur in 
these fissures ; and the siliceous slate in the vicinity of such ores 
is soft, much decomposiMl, and impregnated with caleit(\ The 
surfaces of the clefts in this r«>ck are also often (tovered by 
incrustations of calcite, dolomite', or S 2 )athic iron ore, which nre 
sometimes crystallized. In other cases thocaviti(‘s in th(^ shite are 
filled with melaconite, which is sometimes moderately abundant. 
The siliceous slate in the vicinity of the melaconite and other 
copper ores, has a cellulat texture, and there can be little doubt 
that this and the other minerals containing copper are the result 
of the decomposition of pyrites. The gold occurs in the clefts of 
the quartzose slate, partly incrusting small rhornbohedra of spathic 
iron, which have consequently the appearance of gold crystals, and 
jiartly as thin dendritic incrustations upon the surfaces of the 
clefts. The gold, which is evidently a more recent formation than 
the crystals referred to, is sometimes covered by small rhornbohedra 
of calcite with rounded edges. The incrustation of gold is at 
times so extremely thin as to impart a dull brownish colour only 
to the crystals, and the entire rock, more especially the red clay 
filling the joints, was found to contain gold. The mode of 
occurrence of this gold would appear to show that the carbonates 
of copper and other ores of that metal found in the joints of the 
slates, are of secondary origin, and that they were derived 
originally from auriferous pyrites containing copper. Dieffenbach 

^ “ Fodinje Regales,*' ehap. xxiii. 

“ Leonhard*s Jahrh, 1854, p. 324. 
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was unable to find any trace of a vein in the siliceous slates, 
and he was likewise not able to determine whether, at some former 
period, they were covered by the copper shales which are to be 
found in situ on the flanks of the mountain, and which surround 
the mines at Goddelsheim. 

Alluvial gold, resulting from the disintegration of quartz veins 
in that district, has been found in the sands of the Goldbach, a 
tributary of the Moselle, but not in sufficient quantity to repay 
the cost of extraction.! 

Numerous veins containing argentiferous galena occur in 
Devonian rocks in the vicinity of Olpe and Siegen, although but 
few of them have been more tlian moderately productive. The 
most extensive lead mines which have been worked in this district 
are those of Wildberg and Hidc‘berg, situated upon the same group 
of east and west lodc^s. The country rock consists of alternations 
of schists and slatCvS, with a highly siliceous grauwacke, and the 
veinstone, wliich is often to a large extent composed of spathic 
iron ore, frequently contains, in addition to galena, copper pyrites 
and blende. The Hideberg Mine is still in operation, but that of 
Wildberg, whi(;h has been worked more or less intermittently from 
about the fiftc'enth century, was closed about ten years since. 
There are likewise lead mines in the neighbourhood of Wield, 
Riindoroth, and Siegburg, besides which, considerable quantities of 
lead ore and blende have been obtained from mine's near Tiensberg, 
nine miles east of (Cologne. 

TJie group of lodes extending from Holzappel,^ on the 
Lahn, to Wellmich and Werlau, on the Rhine, traverse grau- 
wacke and clay slates of Devonian age, and have usually an 
E.N.E. and W.S.W. direction, with a general dip towards the 
S.E., but sometimes towards the N.W. “ Talcose clay slates” 
occasionally form a constituent of tliis formation and are of 
frequent occurrence in the immediate vicinity of lodes. These 
rocks, named by the miners Tf^cisses Gelirge, white rock, contain 
numerous beds and veins of quartz, the latter of which often 
cross the strata nearly at right angles, and are themselves always 
intersected by lodes. 

The Devonian g^au^^ acke rocks enclose deposits of argentiferous 
lead ores, as w^cll as ores of copper, zinc, and iron. The iron 
ore forms regular beds between strata of the schistose rocks, 

! Ndggerath, Rheinlaml-Westphalieii,** vol. i., 1822, p. 141. 

* Bauer, Karskn's Arch.y 1841, vol. xv. pp. 137-209. Ndggerath “ Rheinlaud- 
Westphalieu," vol. iii. p. 21f>. B. v. Cotta, ** Die Lehre von den Krzlagei-statten.” 
2nd edit. Freiberg, 1859, vol. ii. p. 143. 
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superficial deposits ot comparatively recent age, or, in the form of 
spathic iron, is an important constituent of the filling of lodi's 
containing ores of lead, copper, and zinc. The lodes forming the 
most eastern portion of the group at Holzappel, consist of throe 
distinct leaders, which probably come together in depth ; but, 
like all the other veins belonging to this group, they almost 
coincide in strike and dip with the bedding of the country rock, 
and have consequently been sometimes mistaken for metalliferous 
beds. These lodes have been faulted by two distinct fissures, 
and have consequently been divkhnl into three portions, of which 
the most easterly is represented by one only of the three leaders. 

The veinstone consists principally of quartz, which sometimes 
assumes the form of hornstone, with argentiferous gnhma and 
blende. Associated with these minerals ar(‘ tetrahedrite, copper 
pyrites, .spathic iron ore, heavy spar, calcite, and dolomite, which 
exhibit no regular order of sequence. These ores occur partly as 
alternating ribbons, but more frequently they are irregularly 
distributed through the veinstone, whicdi often at the same time 
encloses fragments of tlici country rock. Iron pyrites occurs more 
commonly in clefts in tlu' country rock than in the lodes tlumi- 
selves, wliioh, nc^ar the surface, contain numerous ])r()duets of 
decomposition, such as cerussite, pyromorphitc*, cc'rasine, ami 
anglesite. Blende is represented by smitbsonitc^ and goslarito ; 
tetrahedrite by malachite and azurite, and spathic iron onj and irmi 
pyrites by limonite, and by various oebroous iron ores. The ore, 
although not uniformly distributed throughout tlio lodes, is con- 
centrated in shoots, hunches, or zones, which incline obliquely to 
the plane of the lodes, at angles varying from 14*" to 2(r. These 
are not only nearly parallel to one another, hut also to the line 
which the stratification of the country rock forms with the planes 
of the lodes. The lodes are usually separated from the enclosing 
rock by selvages, and sometimes by friction-surfaces, which are 
generally grooved parallel to the dip) of the shoots of ore. There 
are no geodes in the veinstone, which is, however, traversed by 
numerous fissures, which do not extend into the country rock 
beyond. These are often more or less open, and are lined wdth 
crystals which are usually of the same mineral as that on which 
they arc deposited. In this way crystals of quartz are generally 
deposited upon a quartzose matrix, while crystals of galena arc 
found upon masses of the same mineral. With regard to the 
influence exercised by the wall rock upon the contents of the veins, 
there is, at Holzappel, nothing to show that between certain rocks 
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the veins are always rich, and that, when enclosed in others, they 
are invariably poor ; a soft ci'umbling wall rock is, however, more 
unfavourably regarded by the miners than a moderately hard one. 
The walls of the lode are by no means perfect planes, but have 
been twisted and contorted, and in such cases the parts of a lode 
cutting through the strata are called BdnJce by the miners. 

The walls of the vein fissures show numerous bends and 
disturbances, while the country rock is frequently arranged in 
folds, of which the concentric structure is often very remarkable. 
The fissures intersecting and faulting these lodes are usually 
filled with clay, wdiich occasionally contains spheroidal masses of 
ore, similar to those sometimes found in the veins ; and through 
the agency of these fissures the country rock has fre(|uently 
become impregnated with copper and iron pyrites. Fig. Gl, 
after Bauer, represents a section of the Holzappel Lode in the 
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Jlerminen level, where it varies from fifteen to tiventy-fivc inches 
in width. 

According to A. v. Groddock the Weissrs Gvhirgc of Holzappel, 
Wellmich and Werlau, the La gcrschicfiT of Mitterberg in the 
Salzburg Alps, and the white slates of Agordo in the Venetian 
Alps, wdiieh previously to that time had been described as '‘talc 
slates,” or as, "rocks resembling talc slate,” are sericite rorics} He 
states that analyses of this sericite slio^v that it is a cryptocrys- 
tallino potash mica, and that pseudomorphs after felspar, aiigite, 
magnetite, and titanic iron ore, are found in the white rock, wdiich 
must be regarded as an altered eruptive rock, probably diabase. 
In the wdiite rock of Wellmich are enclosed large crystals of 
apatite, which he regards as of secondary origin. The variety of 
white rock called Lagcrschicfer, and the white slate which encloses 


^ A. von Groddeck, Jahrh. fiir Min, 1883, ii. Bdlage Band, p. 72. 
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needles of clay slate, are probably motamorpbic rocks result in 
from normal clay slates or grau wacko slates. A knowleilge of 
these rocks becomes valuable as opening up new point.s of view 
with regard to various important (pie.stions relating to ore deposits, 
since it would appear probable that the sericite slates always 
occur in association with ore deposits l 3 dng conformably witli the 
strata of the surrounding rock. He furtlier remarks that tlui 
deposits of Holzappel, Wellinich, Werlaii, aiul ^Mitterbmg, ha,vt‘, 
with perfect certainty, been determined to be or veins 

resembling interstratitied beds. 

The lodes of Holzappel, WcOlmieb, and WtU’lau, belong to one 
QX of veins, and are accompani(Hl by several parallel 

systems striking N.E., S.W., and dipping S.K. ; tbt‘si‘ are : — 

1. The Ems Lode-system. 

2. „ Mablbcrg „ 

M. „ llomberg „ 

4. „ Wind(‘n „ 

5. „ Weina.ur 

(J. ,, Hol/a])pel „ 

7 

The lodes of the Ems and Mnlilberg tracts are Qumidttrje 
or true veins. TIk'. Jj^tgcraaitijc <ml 3 ^ arc accompanied by the 
white rock,” wliile it is perfectly unknown in the tnui veins as 
well as in the lodes in tbe mugldxmrhood of Ihns. A. v. (b-oddiick 
does not offer an ex]jlanation for this, lait believers that some 
relation exists between tlie herniation of tlie bedd(‘d vi*in and 
the metainorpbic rocks which tlie miners (.*all “ wliitit rock.” 

In tbe year 1883 the Holzappel miiu'.s pro(iuc(*d 2,119 tonnes 
of lead ore.^ 

Tlie Banter Sandstone of Bleiberg, near Cornnicrn, in the 
Eifel, in the mining district of Diiren, contains a deposit of 
lead ores which, for extent and productiveness, lias no known 
equal in the world. ^ The variegated sandstone of this district 
may be divided into two portions, an uppiT, characterized by 
finely granular red sandstone and tbe predominen(.*e of clays, and 
a lower, consisting of coai>cly granular sandstones of a bright 
colour and of thick bands of conglomerate. The lower beds of 

' ZeitMhr,f, Berg. Hiitten. u, Salinsyu im preuAs. Btnaf^t vol. xxx*. 1882, p. 179. 

“ 0. Diesterwfig, Ibid. vol. xiv. 1866, p. 169. 
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the lower divii-ion of the variegated sandstone contain beds of 
nodular ore, which are principally worked on the Bleiberg between 
Call and Mechernich. 

Above the Devonian beds there is, first, a bed of red clay 
containing broken fragments of red grauwacke, and above this a 
mass of conglomerate, from two to twenty feet in thickness, which 
fills up all the inequalities of the older rock. This conglomerate 
forms the floor of the Knottenflotz or lower scam of nodules, 15 
feet in thickness. Above this is a band of conglomerate, which is 
covered by the upper seam of ore eighty feet in thickness. In 
some places other bands of conglomerate are interposed in such a 
way that four seams are separated from one another by beds 
of varying depths. Many dislocations occur in these rocks, 
of which the Greisbach main fissure is the most important. 
The nodular sandstone of the ore seam is white, dirty wliite, 
or yellow, and (consists of crystalline quartz grannl(‘S slightly 
cemented togeth(‘r. The quantity of cement is very smalt, and 
the rock is easily reduced to powder. Tluj ore is associated wdth 
sandstones of a white colour; when the colour changes, the ore 
is usually lost. 

The lead ore at Blciherg occurs in the form of so- called 
Knotten or nodules, and the sandstone to whicli they hfdong is 
known as Knotti^nsandstcin, Carbonate of copper is present in 
small quantities. The lead-ore nodules consist principally of 
galena, and more rarely of eerussite. They are spherical con- 
cretions wliich are scattered tlirough the entire mass of the ore 
bed. Usually they are smaller than a pea, but in some cases they 
attain a diameter of one-third of an inch, while on the other hand 
they sometimes occur as very fine granules only. They consist of 
quartz grains cemented together with lead ore, with which are 
associated alumina, lime, and oxide of iron. When galena is present, 
it is in the form of very finely divided grains deposited between 
the relatively large particles of sand, and, if examined by the aid of 
a lens, a crystalline structure is observed. This is of importance as 
tending to explain the origin of the nodules. When the cement- 
ing material is eerussite, it is less distinctly crystallized; in 
nodules of azurite the cementing copper ore is also in a finely 
divided state. Nodules of copper ore are most frequent at the 
Gottessegen Mine. At Berg the copper ore has a considerable 
extension, but, with its small percentage of copper and the com- 
paratively large amounts of lime and clay present as cement, it is 
poor and difficult to work. The globular shape of the nodules is 
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best developed when galena is the cementing material ; when this 
consists of white lead or copper ore, the form of the nodules is 
extremely irregular. The distribution of the iKnhiles in the sand- 
stone is by no means regular; they frequently lie close to one 
another, and in such cases often grow together, ami an irregular 
ore deposit of great extent is the result. In other cases tlio nodules 
are from half an inch to several inches apart. At the Bloiherg the 
nodules in the workable p'U'ts of the beds constitute from 4 to 10 
per cent, of the weight of the entire mass. Load and copper on^s 
are rarely found in actual contact, but llie nodules oft(‘n consist of 
a centre of galena witli an exterior c<^a.ting of wlute lead ; and 
sometimes the whole of the lead present is in the form of ccrussit(‘. 
The formation of nodules is not necessarily connectc‘d with the 
presence of ore ; since similar concretions frccpiently occur which do 
not contain a trace of ore, and are known as tavW Knoiioi, In 
addition to the ores of the conglomerate bed and of \\\o. Knott n\iiotz, 
the variegated sandstone of the Bleiberg contains several iroi\-or('- 
seams which are worked extensively, and which belong totheupjx r 
division containing, as its colour indicates, a larger pro])()rtion of 
iron oxide than the lower one. ])r. A. Gurlt is of opinion tliat tli(^ 
extension of the deposit and the e({Ufd>le <list.nbu<ion of the ores, 
indicates that they and tlie sandstom'. W('re formed at tli(3 same, 
time.^ 

Galena and white lead orci occur in Bunter Sandstone in a 
similar way at Saint Avoid, west of Saarbiucken. 

The Meinerzhagener Bleiberg mine, the most importa nt in I lie 
district, in 1<S81 produced 84,041 tonnes of lead ore. 

During tlic same year the principal districts of the Rliino 
Provinces produced the following amounts of l(^ad oi c : — “ 


Commern district 

Woiglit . 
Tonnes. 

44,558 

Value. 

£. 

240,759 

Diez „ 

21,150 

101,405 

Diiren „ 

6,826 

39,882 

Deutz „ 

4,984 

39,101 

Rlinderoth „ 

4,919 

34,633 


In 1881 Westphalia produced 8,663 tonnes of lead ore, value 
£72,107, Hesse and Nassau 21,188 tonnes, value £101,582, and 
the Rhine Provinces 65,951 tunnes, value £395,305. 


' Verhandl, d. naturh. Vereins pretms Tthein. uvd Wosff., 18^51, p. 60. 
- Zcitschr. Berg, Biltt, Salmevw, vol. xxx. 1882, P. 175^. 
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The Eifel limestones, extending from Elberfeld through Balve 
bo Brilon, are traversed by irregular fissures, which occasionally 
widen out and are filled with calamine, concretionary blende, 
galena, and iron pyrites, the latter mineral having often become 
converted into brown iron ore. The largest amount of zinc oro 
raised in the Brilon district during the year 1881 was produced at 
the United Brateiiberg and Dornberg Mines, which yielded 
6,037 tonnes of zinc ores, and 3,352 tonnes of lead ore.^ 

Deposits of a similar character occur in the western prolonga- 
tion of the Devonian limestone near Altenbiihren, Rr)senbech, 
and Bleiwasche, where the deposits, chiefly composed of smith- 
sonite with a little galena, are only of commercial importance when 
enclosed in Devonian limestone. 

Very similar deposits are found in the magnesian limestone of 
th(^ same age at Gladbach, ten miles east of Cologne, where an 
irregular bed of lignites is found almost immediately above the 
magnesian limestone, the surfitce of winch is extremely irregular, 
containing hollows in which occur the ores of zinc. These con- 
sist of calamine, with a little galena, enclosed in clay ; and 
similaT deposits of detached fragments of zinc and lead ores are 
not of unfrequent occurrence in the clay of the lignite formation 
at a considerable height above the liorustonc. Von Huene observes 
witli regard to this deposit that, up to the dat(j of his writing 
(1852), no partides of blende which had withstood alteration had 
ever been found in it.- At the F rilhling Mine, near Altenbriick, 
two miles east of Densborg, on the contrary, tlie hlende has only 
been completely changed into calamine at the outcrops of the 
deposits, while at greater dcx)ths unaltered blende is found enclosed 
ill the larger masses of calamine. The mode of occurrence of the 
zinc ores at Gladbach and at various other localities in the same 
neighbourhood, would appear to indicate that they arc no longer 
in their original position, but that they were carried into the basin- 
like depressions which they now occupy by the mechanical action of 
the wafer by which the clays of the lignite formation were deposited. 
The outlines of these fragments are usually rough and sharply 
defined, and it therefore ajipears improbable that they have been 
transported from any considerable distance. It is consequently 
quite }>ossibIe that they may have been derived from the outcrops 
of lodes containing blende and galena of a similar character to those 
now worked in the neighbourhoods of Bensberg and Altenbriick. 

^ Zeitschr. Bn-g, Hiitt, Salinemv. vol. xxx. 1882, pp. 175 and 180. 

3 Zeitsch, d. deutsch. gcolog. GeseUsch., 1852, p. 575. 
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It is to be remarked that the calamine deposits on the left 
bank of the Rhine are associated, principally, ^Yith Carboniferous 
limestones, while those on the right bank of that river for the most 
part occur in rocks of Devonian age. 

The largest quantity of zinc ore produced in the Dliren district 
in 1881 was obtained from the Altenberg Miji(',i belonging to the 
Vieille Montague Company, which yielded 17,404 tonnes of zinc 
ores, against 13,135 tonnes during the ju'evions year. 

In the Dliren district four mines were working during the yc'.ar 
1881, and together ])roduced 17,121 tonnes of bkmde and 8,500 
tonnes of calamine, of the total value of X22,r)4<S. 

The copj)er deposit of the Friedrich-Wilholm Min<', at, Berg, near 
Conimern, is, like the l(.‘ad ores of tlu^ immediate ludghbomhood, 
situated in Buiiter Sandstone. The bc'd eoiiiaining the eo]>])er ore 
strikes from north-west to south-east, di])S towards iiorth-csasi, iind 
has an .iiverage thickn(‘ss of about nine l’e(‘t. This ht-d, lik(^ the 
lead ore deposits at Rleiberg, eoiitaius llu' oi‘e for the most 
part in the form of small nodules. (Jahoia occurs suhordinahdy, 
and copper and iron ])yrit.es ar(‘ fonnd in jxxdvcds associated vvilJi 
lioavy S 2 )ar. The coj)[)or ore nodules <*onsist ])rincipally of 
malacliite and azurite, coj)]K‘r gla,nc(^ chi'ysoei>lla, and enprite. 
Tlio saiid ill which the nodul(‘S are enc]os(Ml eonsisls of (jnartz 
fragments united by a cement containing carhonate of linu\ 
This sandstone is more or less fermginous, and clirysocolla, 
brown iron ore, oxide of mangan(\s(‘, and cateiie occur in its 
fissures.^ 

The amount of cojij^er which has been furnislie«| by this mine 
is apparently small. In the yaair 1<S53 it yi<td(*(l 25 tonnes ot oni 
containing from GJ to 1) percent, of copjxT, iind 1,508 tonnes in 
whicli the percentage of that metal varied from \ \ to 2!. Its most 
productive year was I85G, wln*n tlie ontymt was 3,17!) toniuis 
containing from ’75 to 3 ]kt cent, of co])pt‘r. During th(‘ two 
following years the woikings were suspeiuhxl, liut in 1851) the 
yield amounted to 102 tonnes of onj c(mtaining from 1 to 2 jier 
cent, of copper; in I8G0 tlm yield was J30 tonnes of IJ per cent, 
ore, and in 1861 the mine was abandoned on account of the large 
percentage of lime present in tlie ores. 

The Devonian strata in the neighbourliood of DiJleiiburg,'^ 
which are traversed by dykes of diabase as well as penetrated 

^ Zeitschr. B^rrj, Hiift, ZaJin/inw, vol. xxx. 1882, |>. 175. 

~ W. Juii/ET, Bary. u. HiUkrim. Zriivny.^ 1802, p. 220. 

s StiUt, “ Geogii. Besebr. d. HerKogtb. Nsssuu,” 1831, p. 486. 
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by pyritous serpentine, consist partly of Schalstcin^ and enclose 
numerous copper lodes. These veins vary in tlieir strike from north 
and south to east-south-east and west-north-west, and have usually 
a considerable dip. The veinstone is principally quartz, clay, 
brown spar, heavy spar, and calcite. The ore is chiefly copper 
pyrites, but copper glance, cuprite, malachite, azurite, and chryso- 
colla are sonietiines also present. 

The iulluence exercised by the country rock upon the contents 
of the veins is very apparent. In diabase the ores are rich in 
copper but are not very abundant, quartz is the prevailing vein- 
stone, and clay selvages are entirely wanting. On the other hand, 
in Schaldein the lodes have distinct selvages, the veinstone is 
mainly composed of calc s])ar, brown spar, and heavy spar, and the 
ores, although pcrhaj)S more abundant, are not usually so rich. The 
rock in which the veins are on the whole most productive is a 
dcicomposed &haldein much stained by hydrated ferric oxide, and 
which, in the immediate vi(duity of the lodes, is often more or less 
impregnated with coj)per ores. In the sandstones and Cypridina 
slate the lodes usually contain but little ore, and the quartz, which 
under such circumstances is the prevailing veinstone, often merges 
gradually into the country rock, so that the veins are without 
sharply defined walls. 

Sandbergtu* has determined the presence of co])per in the 
augite both in the diabases and basalts of this district, which may 
])robably ex]>laia the origin of the copper contained in the veins. 
Both galena and blende arc sometimes associated with copper 
pyrites in calc spar, filling fissures in the Nassau diabase, as well as 
in the coppeu* veins themselves, but they usually occur in very 
small quantities only, either alone or associated with arsenical 
fahlerz. Where in depth the diabase becomes compact, the veins 
are usually without ore, and arc represented by fissures principally 
filled with clay. Seiifter has found lead, zinc, and arsenic in the 
diabases of this region, and it is consequently not improbable that 
under favourable circumstances these metals may become concen- 
trated in the form of ores. 

A group of veins extending from Rossbach to Roth yields 
tetrahedrite containing silver and sometimes a little mercury, 
while cinnabar occurs in the copper lode at the Neuermuth Mine 
at Nanzenbach, and traces of the same mineral are found in 

' are consolidated ash beds, probablj’ resulting from eruptions to 

which the diabase owes its origin. 

2 F. Saudberger, Berg, nnd Eiitt^nm. Zeitung , 1877, p. 390. 
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the haematite which generally occurs in the Schalslcin of the 
district. 

A considerable number of veins very closely resembling one 
another in other respects, but ditiering considerably in their strike, 
have been opened up by the workings at the HUlfe-Gottes Mine at 
Nanzenbach. Some of thesis lodes liave contained a sufficieut 
amount of nickel to admit of its being extracted with advantage.^ 
The nickeliferous ores contain on an average from 12 to 15 per 
cent, of copper and about per cent, of nickel. Arsenic and cobalt 
are not usually present, but sonudimes occur at the intersection of 
the lodes by cross-veins. 

Ores of antimony sometimes occur in tlu? Devonian rocks of 
Rheiiisli Prussia between Wintro]) [ind Uontrop, four miles from 
Anisberg, where a bituminous limestone, from six to eight(‘en 
inches in thickness, alternates with clay slates and siliceous sluil(‘s. 
All of these strata, which are overlain by Millstone Grit, are 
occasionally penetrated by stibnite, which is usually most ])leiitiful 
towards the middle of the various b('ds, and gradually becomes less 
so near their })laues of se[>aratioii.“ The more massive portions 
of the stibnite sonu'times include fragments of tlu^ enclosing rock, 
and tlie ore not iinfreqiiently penetrates into cracks and lissures. 
Cervantite, antimony ochre, is found as a ]>roduct of alteration near 
tlie surface, and the rock sometimes contains a little iron pyrites, 
blende, calcite, and fluor spar. As early as the y(‘aT the 

Caspar! Mine had opened up ehwon of thc^se motallilerous strata, 
near which, but without any ap]>arent connection with thc‘m, are 
veins of heavy spar containing (M)p 2 )er j)yrites and ores of bismuth. 
At the IJoffming antimony mine, near BriicJc oii the Ahr, the 
Devonian slates strike nearly nortii and south with a di}> of about 
45'’ towards the wt'st. The ores of antimony occur over a hand which 
is sometimes as much as 120 feet in width, and which in 1827 had 
been opened upon, in the direction of the strike of the strata, for 
a distance of about 500 feet. The stibnite, which is associated with 
iron ])yrites and brown spar, is found partly in true veins and jrartly 
between the planes of stratification, or in cleavage fissures. 

Iron ores occur in the Devonian rocks of the Duchy of Nassau in 
the form of beds, lodes, contact deposits, segregations, and surface 
deposits.^ In the neighbourhood of Dillenburg and Wetzlar, 

^ V. Koenea, ZeiUchr. d. d. gt'ol. Orsclhch.f 18C3, vol. xv. p. 14. 

* Buff, KavsieTi s Atch. vol, vi. 1827, )). 54, and 1833, vol. vi. p. 439. B. v. 
C’otta, “ Di<» Lohre von den Erzlaj^erstatten," vol. ii. p. 154. 

* F. Saiidberger, “ Uebers. der geol. Verh. v. Nassau,"’ 1847, p. 27. H. Bauennaii, 
“ Metallurgy of Iron,” London, 1882, p. 80. A. Nbggerath, Zeitmhr, Barg, Hiitt. 
Salinenw. vol. xi. 1863, pp. 63-94. 
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numerous beds of lisematite occur associated with Schalstein, and, 
according to Sandberger, these deposits, which are frequently very 
irregular, invariably occur in connection with either diabase or 
Schalsfem ; being sometimes bounded by either of these rocks on 
one side and on the other by Cypridina slates. They contain 
numerous fossils, and are worked in five to six hundred small 
mines in the Duchy of Nassau alone. Stifft says of these de 2 )osits 
that they are distinguished as Fluss-hujcr when containing calc 
spar, and a,s liinrlige Lagrr when quartz is present in notable pro- 
portion. The first often lie entirely in Brhdisfr'ni ; while diabase 
in many eases forms the hanging wall but never the foot wall. 
The siliceous bi'ds are found cmtirely in diabase. In addition to 
lisematite, limonitc also occurs in this district, but generally in 
association with limestom*.. 

A short distaiuie nortli of Stockhausen, on the Lalin, a bed of 
iron ur(‘ occurs in k^rliahtrin, near its point of contact with 
labrn(lorit(i-]»orphyry ; and south of Jlrilon, in Westjdialia, a chain 
of por})ljyriLie doiiK's oecur.s in the ll])))er Devonian series, which 
ar(3 accompanied by lenticular deposits of hamiatiio at their 
junction witli the stratifuMl i'o(*ks. Lodes of spathic iron ore, 
})artially altered into limoiiite, frequently occur in this part of 
Germany, and often contain a greater or h'ss amount of copper 
or load ores, tlius gradually ]>assing into lodes of these metals 
with a veinstone eonqjosed of nn>re or less altered siderito. 

Large quantities of s])atlii(^ iron ones occur in the Devonian 
rocks of the Siegen district, the most iini^ortaiit dej)osit being tliat 
of 8tahlbe]'g near Miison, where a nearly vertical wedge-shaped 
vein, enclosed in clay slate, has been worked since tlie year L313. 
The gieatest tliiekuess of this mass is about seventy-five feet, its 
Lorizontal extonsiou about J()0 yards, and its depth, which has been 
provctl by twelve working levels driven into the hill side, 200 yards. 
The entire mountain belongs to the so-called Coblenz beds of the 
Lower Devonian formation which predominates throughout the 
Siegen district. Clay slate is the prevailing rock, the most usual 
variety being greyish with an imi>erfect cleavage; but lustrous 
bluish-grey slates with a typical slaty structure are also met 
with, as are likewise brownish red slates called Faclis by the 
miners. The last two varieties exercise an impoverishing influence 
upon the lode, and beds of hard grauwacke are frequently inter- 
stratified with the slates. The strike of the strata is north-east 
and south-west, with a, dip of about 45° towards the south-east. The 
vein traverses the bedding with a dip of from 80° to 85° towards 



PART n.] 


(HilRMAN EMPIRE. 


273 


the south-east ami maintains its maximiiiu widtli for a distance of 
60 yards. Weil defined selvages are but rarely met ^vith, and 
the country rock, wliich is princiivally clay slate, is .almost always 
traversed for several y.ards from the Joih'. by numerous strings of 
spathic iron ore. On the mn’th, hard bands of grauwacke oi‘cur 
with beds resembling roofing slate; and, when tlu‘Si^ constitute the 
country rock, they cause tla> almost entire disa])])(\arance of iron 
ore. The lode splits into three leaders, varying from six. to thirty- 
six feet in width, which, togelluT witli tlu‘ int,i'rpolattHl wedg(‘- 
shap(‘d masses of country rock, .attain a uniled tliickiu'ss of ISt) 
feet, jaoceed for a distanct^ of 12t) yards in tin' dina-tion of the 
strike, and tlnm continue as insigniiicant strings of (juartz. I’ln^ 
lode.' consists almost exidusivi'ly of spathic^ iron on*, of a yellowish- 
white colour, containing about 11 pi'i* <‘ent.. of manganous oxide, 
and whi(di rart'ly changes into brown iron on'. In drusy cavit i('s in 
this lode ihombohedr.al crystids ot‘s]>athic iron or(' one .and a half inch 
in diameter are sometimes met with. Thes(‘ cryst.als liavi'. curvi'd 
faces, and are always ac(u>mpani('d by cryst.als of (piartz. Otln'i* 
ores, su(di as iron jyriti's, c-opp^'r pyrib's, fahhaz, .and g.aJtma, 
met with at si'Vi'ral jH)ints in tin* lode, and ,ar(‘ companitivc'ly 
ahund.ant in t he ad joining n)im^ of Schwahengndxa d1ie ])ro(ln(> 
tion of Stahlhmg in one year nevt'r ('X(‘('(‘ded 3(),*2 1 0 t.onmjs, .and 
in 1<S81 the yi(‘ld .amounted to oidy 2,657 tonm's of ii'on or<'d 

The ( \arhon herons formation ot‘ the Rulir district, in Westjdialia,^ 
.as at Essc'ii, IJoclmm, Ibirde, .and various oilier locahdh'S, contains 
parallel dc'posits oi' ironstom* closely res(‘nj]>]ing the lilackliaiifl of 
tlio Scottish coal-fields. In .addition to Ixals oi* comp, act ironstoru', a 
nodular concretionary vaihhy is of fn'ijuent ocaairrcaice intlu' slialcs 
of this formation. The ironstone' deposits oi' tho ( hrhonifi'rous 
formation in the neighhourliood of Sa.arl)riicken .an* usually more 
yiroductive tlian th(.>.se of the Ruhr, and for the most part consi.st 
of lenticnLar concretions of sjdin.'roshh'rite ; this mineral .also occurs 
in tho lignite near Bonn. 

The Black FonEST.**^ — Tlio Black Fon'st, wliich rises to an 
average height of about 3,000 feet above tlui sc'.a level, con- 
sists cbiefly of granite and gneiss, which occasionally alicTnate 
with .and pass into one anothetr. Those are sornetiiriejs traversed 
by various eruptive rocks, sucli as porphyries, diabases, and 

1 Zr?iffhr. Benj. JJiilf. Snlinniv'. vol, xi. ISCS, p. 03. Ihid. voLxxx. 1S82, j>. KM. 

* }5 V. Cott.v, “ Dii* Ltlav von hon Erzlfigpr.staUen,’’ 2iid edit. vol. ii. p. 120, 

3 Branii, A 7 in. den Miven^ vol. xviii. 1843, p. 11,5. Selb, L<'onh(tiyV Tafichmhxirihf 
1815, p. 320. B. V. Cotta, “ J)io Ixdire von ac»n Erzla^orstatton,” 2nd rd. vol. ii. p. 
171. E. Sandberger, “ EnterMK'hungftn liber Erzgango,” 1882, Bart 1, p. 40, 

T 
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serpentines. A small art^a of clay slate, probably of Silurian 
age, appears to merge gradually into the gneiss near Todtenau, 
and there are some reioains of (Carboniferous strata near 
Schramberg and Orenburg, in which are found seams of anthracite. 
The New Kod Sandstone is extensively developed in the neigh- 
bourhood of Baden Baden, where it reposes immediately upon 
crystalline rocks. In the southern ])ortion of the region Bunter 
Sandstone sometimes occurs on tlie granitic heights of the Black 
Forest, and often eovm's them in the form of isolated caps. On the 
western declivity of the mountains, whicli descend rapidly towards 
the valley of tlio Bliine, is a succession of sedimentary rocks 
tilted into a nearly vertical ])osition. 

Veins containing ores of silver, h‘ad, eop])er, nickel, cohalt, 
and antimony, associated with Iieavy s])ar, fliior spar, caleite, and 
(piartz, arci not of uiifrecpnmt oeeurrence ; the majority of them 
are, howewer, too ]»oor to admit of their being advantageously 
woikcd, and only at long intc'rvals contain ricdi poc'kets of mineral. 
Tlie lodes in tliis region are said to owe tl)(dr origin to eruptive 
ro(‘ks, and es])eeial]y to ])or[>]iyrit‘S, wliicli tliey always intcTseet 
whenever they come in contact with thenn. ddie gaiciia found in 
these lodc^s is said to become gradually poorer in silver in 
])roportion as the rooks traversed by the lodes an^ of more 
recent ago. Important (l(‘])osii,s of pea iron ore are found in various 
localitic‘s, and particularly in tin* nciglibourlicKKl of Kaudern ; there 
are also veins of limonite, which sometimes contain ores of mau- 
gaiK'se. (lold is found in the alluvium of tlie llliino; and 
dciposits of calamine' occur at Wieslcjch, in Badcu. 

The Kinzig A'^alh'y is chiefly composed of granite and gneiss, 
wliich, on the to]>s of the highest hills, are sometimes overlain by 
BunicT Saudsteme. In this valley tlce crystalline rocks are fre- 
qiK'iitly travc'rsed by veuns containing on‘S of silver, l(*ad, copper, 
nickel, and (‘oba.lt, associated with heavy spar, calcito, brown spar, 
and cpiartz, These minerals occur so intermixed with one 
anoiluT that the lodes cannot he classified into distinct groups in 
accordaneo witli tbci metals which tliey yield, and in some cases 
all the various ores above enumerated are found in the same 
vein. Notwithstanding the large number of veins in this district 
it has never been a continuously prosperous mining region, as 
the rich ores only occur in patches of limited extent at great 
distances apart. 

The Wenzel Mine, in the Wolfaeh district, is said to have 
yielded large profits during the early part of the last century, and 
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the Alter St. Joseph Inline, near Wittieh, was, at about tlio same 
period, worked for native silver, argeut.ite, and sinaltite. The rare 
mineral, wittieheiiite, cupriferous sulphide of bismuth, also 
occurred in this mine. The Sophie Mine, in the same neiglibour- 
hood, was also at one period very ctdebrated. producing native 
silver, argentite, ])yrargvnte, native bismuth, bismuthite, realgar, 
and cop}>er nickel. Other similar lodes art‘ known in tlu' distiict, 
some ot which have yielded ores of copper. Rraun states that 
these lodes }>enetrat(‘ the r>unt(*r Sa.ndstom‘, and men I ions om^ at 
the (Jiite-Gottes Mine which has granite as its foot wall and 
sandstojie as its hanging wall. Amnng tin* olhcr vi'ins of the 
Kinzig Valley is the Friedrith-( liristian, m ar Scljap[>ach (p. ob), 
wliieh produees galena, scliaphaehile or ])ismutii silver, and 
cop])er 2 )yrites. Native silver, native (a)])p»‘r, (aii>rite, and chal- 
cocito occur at the Leopold J\Iiue in a matrix of <|iun*t'/ and h(\avy 
spar. Similar hxh's, although containing h'ss <>r(‘, occur in vaaious 
formations overlying the graiiit(5 and gmnss, namely, in clay 
sla.tes, (Carboniferous saiulstoru's, l>unl.(‘r sandstones, and Maschvl- 
kalh', and they even exUrid into nn'ks of durassie age» in wliich 
heavy spar is th(‘ only vt'instoina 

In tlio sonth('rn portion of 1h(‘ lllack Foi*(‘sf. granilai and gndss 
again prtaloininait', luit tiny/ ai‘e lien^ assoei.atcMl witli ?*oeks of 
Silurian age, whirh gradually ]»ass into gneiss, wliile nanains of tlui 
Tlunter Saiidstono are sometimes found ujjon tluf higlier givanid. 
dhe veins in the neighhomhofxl of Sulzhuig, like tiios(‘ in the 
Kinzig V^alh'y, yield or(‘S of many ditlenuit metals, l)ut the 
m(>st reinarkalde mine of this region is ]>roha])ly the Hans 
Baden and (lari, near Bademvalhr’. I’lu; lode in lliis j')lac(i is 
sometimes as mueh as twelve fec‘t in width, and may he regarded 
as a contact deposit hc tAvcain granite a,nd Hunter Sandslont', h\it 
it is separated from th(‘ grajiite hy a mass of porpliyry some forty- 
five foot in thickness, whicli itsdf contains gahma, heavy s])ar, and 
fluor spar. Thci veinstom^ is com}K)se(l of lu‘avy s[)ar, llnor s})ai, 
and quartz, containing argentiferous gaitma, cojiper pyrites, and 
chalcocite, which near the surface; liavo fre([uently become trans- 
formed into various secondary minerals. 

The lodes of the Munsti^r Valley closely resemble those in the 
neighbourhood of Sulzhurg, while similar veins occur in tlie 
Hofsgrund, on tlie Erzkasteri, and in the neighbourhood of 
Tod ten au. 

In the middle ages gold washing was actively carried on in 
the Rhine Valley between Mannheim and Basic, and v. Cotta 

T 2 
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states that, in 1850, 400 persons were occasionally employed in 
gold washing in the Grand Duchy of Baden. The gold is found 
among the sands and pebbles on the banks of the Rhine, 
associated chiefly with ilmenite and rose-colon i*cd quartz, in scales 
never exceeding a millimetre in diameter. The entire bed of the 
river is auriferous, but it is in certain localities only that the 
sands will repay the expenses of working. The gold- washings 
commence below Basle, in the neighbourhood of Istein and Alt- 
Breisach, but the most productive localities are between Kehl and 
Dachslanden, especially opposite the village of Helmlingen; there 
are also a few washings below Philippsburg, but their yield is 
exceedingly small. 

Calamine occurs in the Muschcllcalh, but this deposit differs 
materially from those of Upper Silesia, which occur in the same 
formation. According to official documents, mines of argentiferous 
galena were worked in the range of hills between Nussloch and 
Wiesloch as early as the eleventh century, but mining for calamine 
was not commenced until the year 1851. The rock is intersected 
by vertical fissures, in which carbonate of zinc without any admix- 
ture of silicate occurs, accompanied by brown iron ore and galena. 
When the encrinal beds rest upon the compact limestone the 
fissures often widen out and contain very rich ore. The presence 
of numerous fossils converted into calamine indicates that the for- 
mation of the ore is the result of the alteration of limestone into 
calamine. 

Extensive deposits of pisolitic iron ore are found in the Jurassic 
formation in the vicinity of Kandern, Stockach, Mohringen, and 
Jestetten, as well as more to the north in the Baier Valley. 
The longest worked and most important of these mining districts 
is that of Kandern, where the iron ore forms jjart of a sandy 
deposit varying from one to one hundred feet in thickness, and 
which, for the most part, overlies rocks of Jurassic age. This 
deposit, which is known as the Erzgebirge, in some places comes 
to the surface, or is cov^ered by alluvial detritus, but is more fre- 
quently overlain by a Tertiary limestone conglomerate locally 
known as ^teingaiig. In 18G5 about eight mines were workijig in 
the district around Kandern and Kleingau, and iron mines are said 
to have been in operation in this part of Germany for more than 
ten centuries. 

Immediately below the vegetable soil at Mdsskirch is a layer 
of some inches of sand, beneath which are several inches of pisolitic 
iron ore mixed with pebbles, sand, and sharks’ teeth. Below this 
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is aTiuther layer of sand, coveriii’jf tlie chief deposit of iron on* 
SI feet ill thickness, containing bv)u{ders associated Avith vshells, 
sharks teeth, and Oolitic and Tertiary fossils. The wliole is 
firmly cemented together by hydrated ferric oxid(‘, while the 
boulders, which are principally cpiartz, frequently contain white 
mica. Flinty concretions are sometiim*s mot with, and angular or 
rounded fragments of Tertiary sandstones are by no means of 
unfrequcnt occurrence. 

The miners distinguish two kinds of ore ; namely, livimrz, pure 
ore, and Bolincrz, pisolitic ore. The first of tliese is a lamellar, 
compact, or fibrous ironstone occurring either in patches, or in 
nodular concretions wliich sometimes, although rarely, attain a 
diameter of two feet. They are covered by a yellowish or brownish- 
red incrustation, and when broken are found l.o be comiiosed of con- 
centric layers, or to be fibrous, conqiact, or even porous. Their 
interior is genondly hollow, or is occupied by a kernel of clay or 
sand. When liollow the surfaces of the cavities are often lined l)y 
incrustations of liaanatite, by fibrous limoiiite, or by crystals of 
brown spar, spa tide iron ore, or cahdio ; even Jurassic fossils are 
occasionally found emdosed in th(‘So nodules of clay iron* 
stone. Tlie Bolnicrz, like the Ju incn, forms continuous U(‘sts or 
beds, but th(‘ two sometinu's oci*ur togetlau’ in the same deposit. 
The larger nodules of Bohnerz vary in siz(^ fiom a p('a to a 

walnut, and are always Ibrmed of coiu'eiitric. layau's monj or less 

firmly ceiinaited togidher. Jasp(‘r likewise* occairs witli botli 
varieties of ore, and is always grey when a-ssociated with 

Jlciiirn, but niay bi? either grey or rod wlien fiaind with 

Bvli nrrz. 

B. V. Cotta, says, with rc'ganl to tliese dej)osits, tiiat tlie se])ara,to 
members of the two varieties of oih‘, iiicludiug the jasjier, evidently 
belong to the Jurassic period, but wen*, deposited in t, heir ])res(ait 
position during Tertiary times, as is shown by the sharks’ teeth, 
bones, and fragments of jMolasse sandstone whicli ac^conijiany them. 
He further remarks that the ijodul(‘s of ore and jasper (tamiot })e 
ordinary pebbles as, if so, their (‘xlenial form would not so exactly 
correspond with their internal si-nniture. 

The Palatinate. — (Jres of nuTcury occur in tlie eastern portion 
of the Kaarhiiicken Coal-hasin in lodes, as impregnations in slates, 
sandstones, and ironstones, and as coiiglonu Tates of Lower Porniian 
age, as well as in tlie melajJiyres, amygdaluids, and porphyries which 
have ill various ]»lacos burst through them. Lodes containing ores 
of this metal are found at tlie Potzberg in sandstone and aigillaceous 
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shale ; at Morsfold in tnolapliyre-congloinerate, clayston e-conglom- 
erate, and claystone ; at Katlisweilor, Erzweiler, and Banmholder 
in inelaphyre and amygdaloid ; and in the Kiinigsberg and Lemberg 
in quartz* porphyry. Those V(*ins are sometimes accompanied by 
claystonos ami liornstones, Avhieli are otherwise unknown in 
the district, and may perhaps be products of the alterfition of 
sandstones and ordinary clay slates. In claystonos and horn- 
stoiKis tlie lo(h‘s an^ usually metalliferous, but become compara- 
tivcdy un[)roductive upon passing into other rocks. Sandstones 
and conglomerates have sometimes contained rich de])osits of 
ore, but the clay slates arc almost invariably barren. The 
only known exception to this rule is the occurrence of cinnabar 
in the casts of fossil lish, in th(‘ clay slate near Miinsterappel, 
oil the right bank of the Appelbacb. 

The lodes of this district are for the movst part associated in 
snudl groups in whadi tlie principal lesidors assume a certain paral- 
lelism, but botli h)d(‘s and impregnations ap])ear to be productive 
at short. distanc(rs from tlie surface, only to become gradually poorer 
as greater dept) is arc attained. The grc'atost depth reached at 
Potzhc'rg, Landsherg, and Miirsfidd, was about 120 fathoms. Cin- 
nabar is the most, common ore of mercury present, and usually 
occurs in tlu^ form of thread-like strings, or as crystals in small drusy 
cavities either in the vein or in the country rock. The other 
mercurial substances ])resent are native mercury, native amalgam, 
calomel, and, more rarely, mercurial fahlerz. Oeuorally speaking, 
the lodes are principally tilled with cla}^, but caloite, heavy spar, 
quartz, hornstoiie, chah^edouy, and bitumen are also sometimes 
present. The associated minerals are iron pyrites, wliich is some- 
times argentiferous, red and brown ba*matite, spathic iron 
ore, galena, fahlerz, copper pyrites, pyrolusite, and psilomelane. 
The extension in the direction of its strike is, at Landsberg, 
on the Gottesgabe Lode, 450 fa.thoins, Tlie Morsfold lodes extend 
for a length of about 200 fatlioms, but very few of the others 
are more than 100 fathoms in length. 

Important mines of (piicksilver sprang up at Obermoschel and 
Landsberg,^ in the Palatinate, about the middle of the fifteenth 
century, and the Erzengel Mine alone is said to have afforded as 
much as 9,000 lbs. of quicksilver annually. In the year 1765, the 
Palatinate Zweibriicken mines together yielded 4:1,000 lbs. of quick- 
silver, but they have now for many years become almost completely 
exhausted. In the year 1879, the mines of Lemberg and Kellerbcrg 

' H, V. Dechen, Karsteji*s ArcJtir, vol. xxii. 1848, pp. 375-464. 
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were re-opeiiod, but tlieir production lias Ik'oii vtoy small ; in 1S7‘) 
they yielded 14-25 tonnes of ore, worth about X2() ; and in LSSO, 21) 
tonnes, of the value of £35» No returns of ore were made in the 
year 1881.^ 

The Harz. — Mining in the Harz was first begun in the 
year 9G8, daring the reign of Otto 1., tlie first workings having 
been commenctal at llammelsberg, near (loslar. Betwemi tln^ years 
1004 and lOOG tlie mine was abandoned in eonsi'<jiienee of 
plague and famine, but was resuimal in 1 0 1 G. Tn the fourteenth cen- 
tury the workings at llamnudsbiag fell in, 400 mini'rs wt're killial, 
and in consecpience mining was abaudoiuMl for about- 100yi‘ars. 
In 1473 the Meissner Adit was lu'gun by miiu'rs from the 
Meissner district, who understood working in hard roidv with the gad 
and liamnuu- better than the hx^al miners, and hkist-ing wdth ])owd(,T 
was tried in the middle of the iiftemilh century. In J820 the 
RammelslxTg was removed from the jurisdi<*tion of the t-own of ( loslar 
and haruh‘d over to the (Joniiiimilon, Ihaz 1 7vvre///n///, wdiich is so 
divided that Hanov('r jvceives lour-seveiitlis and Jlrnnswick tliree- 
seveuths of the pndits. 

Mining w’as hegim at Zelierhdd, Wikhouami, and (danstlial, in 
the Upper Harz, in tliii year 1000. Mining tlourisluMl in tlui 
tliirtemith century, hut (ainui to a standstill in tin* middle of 
the fourteenth, on account of difhculties expen(‘n<*ed in draining 
the mines. At the luginning ol' tli(5 sixtiamtJi ceiilury tlm 
mines -were worked on an extimsivo seah*, Imt w(‘re again ahan- 
doned during the Thirty Ycairs’ War. Owing to im])rovmnents 
wdiieh had in the imamtimo been made in pmn)>ing maeliinery, tlie 
mines were succH'Ssfnlly re-op(m(‘(l at tin; ])(‘ginning of the 
idghteenth century, and liavc contimuMl in operation to t>he present 
day.2 

The Harz comprehcmds an ajiproximately (dliptical, upland area, 
the greater axis of which is twice; as long as the; smaller, consisting 
for the most part of sedimemtary formations of Devonian and Lower 
Oarboniferous age.^ Grauwaeke, clay slate, siliceous slate, and 
quartzite are the predominating rocks, with suhordiiiate beds of 
limestone. These strata arc* frecpiently brokem throngli by igruions 
rocks, especially by the granite nnisses of the Ih-ocken and llam- 
bers-. Around the old(;r rocks is a mantle of more recent formations, 
namely, lTp 2 :)er Coal-measures, Permian, Triassic, Jurassic and 

^ ZvitftcJiT. JIntt. Salin^iuv. vol. xxviii. 1880, p. 180. Ihid. vol. xxix. 

1881, p. 189. Ihid. vol. xxx. 1882, p. 187. 

Dr. A. Giirlt, “ Her^baii mid Hiittrnkunde/’ Kssen, 1879, p. 10. 

^ A. V. Groddeck, “ AbrisB dt r Geogiiosie des JluiiSfjs,” ClaiiBtbttl, 1883, p. 22. 
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Cretaceous rocks, wliicli may be regarded as defining the limit of 
the mountain district. 

The 2 )rincipal riches of the Harz consist in lodes and deposits 
of silver, lead and copper ores, sometimes united with ores of 
cobalt and nickel ; in lodes of antimony ; in segregations of pyrites ; 
and in lodes, beds, and deposits of ores of iron and manganese. 
The copper schist of Mansfeld, in the Lower Harz, is very extensively 
worked. 

The lodes producing ores of these metals occur chiefly in tlie 
Devonian and Lower Carboniferous rocks of Clausthal and Zeller- 
feld, in the Devonian rocks of the Rammelsberg, in the Silurian 
rocks of St. Andreasberg, and in slates of the same age at 
Harzgerode in tlie Eastern Harz. 

A. V. Groddeck describes^ the celebrated lodes of the North- 
west Upper Harz, on tlu‘. plateau of Clanstlial, as traversing 
Devonian strata and Culm-in(‘asuros, and states that a dis])]ace~ 
ment of tiio country rock to a distance of 2 IH yards occurs at Bocks- 
wiese and Lautenthal, wlu‘re the lode fissures have Devonian strata 
on the foot wall an<] Culm-measures on tlio hangir)g wall. Tlie 
lode-grouj>s form a syst.<‘m of rays which spreads out I’rom the 
Upper Kollwasserthal, Ijem'ath the flrocken, towards the west. In 
this system three main rays may be distinguisbed : tlie most 
southerly of wliicli has a general strike of N. 75"' W. (7 o’clock 
and is formed by the Silberna.aler grouj), the United Biirgstiidter and 
Hosenliiifer groups ; and the Schultlialm’ grou]). Tlie Lautcaithal- 
Halinenkleer and the l]ockswic‘S(‘-Eestenbiirg-Schul(*id)erger groujis, 
which ha,V(' a general strike N. 45° W., be long to the middle ray. 
The eastern ray is comjiused of a. group which, uji to tlie prescuit 
time, has not b('en iinicli investigaU'd : its direction is N. and S. 
Between these main lodes, especially belwe^en tlu' south and middle 
groups, several others occur, among which may be mentioned the 
Zellerfelder, the IleM'zbe'rger, and the Hiitsclient]ial-S[)i(^gelthaler 
groups. Next to tlie nu‘tallifeions veins are two destitute of ore, 
the ftufle liifsrhrl a.nd Charlotte Lode, which run nearly parallel to 
the strike of the beds, namely, from N. 45° to 75° E. 

The lodes, whieh have distinct selvages on tlie foot wall, are 
split n]> and mixed with the country rock on the hanging wall, 

^ A. V. Gru.Uleck, d. d. vol. xviii. p. 693, and vol. 

xxix. 1877, p. 440. Zrit^scltr. JJery. Iliitt Salbicmr. vol. xxi. 1873, p. 1. B. liosiiig, 
Ihid. vol. XXV. 1877, p. ‘280. 

in (jxpivssiiig the strike in hours we must iiuagino tin* horizon to ho divideii 
into twice 12 hours, oiH’h hour leprcseuting 15'\ The tliroctiou N.S. is hour 12, 
midnight and midday ; K.W. is liour 6, morning and evening. 
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and sometimes reach a thickness of more than 20 fathoms ; their 
dip is at a great angle towards the south and south-w est, rarely to- 
wards the north or east. The filling of the lodes ])riiici pally consists 
of country rock, grauw^acke, and clay slate in a nu)rc or less altered 
state, together with lustrous black slate. Betwa'en these fragments 
of country rock, the gangne and ores lie in the form of strings 
and impregnations ; l)i\‘c<dated lodes are veiy general. Tli(‘ gangue 
is quartz, si)athic iron ore, calc spar, and heavy spar; the ])rin- 
cipal ores being argentiferous gah^na, blende, and copjHU* ]>yrii,i\s. 
These ores are very unevimly distributed in the lode cavifit's, and 
numerous veins are eliaracteriM‘d hy the ])r('doniinane(‘ of a 
quartzose gangue, with galena, as in tin' ease of tlu^ Zellerhdd 
lodes ; others, such as tlie Ihirgstjulter lodes, arehlled with (piartz, 
calcite, galena, and bhuide. In sonui ])la(a‘s co])]»er pyritt's occurs, 
as at the (duu'lotte IVIine, or zin<* ])h‘ndc, as ivt Lautcnthal, wlu*re 
it is the ])rinci])al ore. In an <‘xhauslive incnnoir j*ect‘ntly }»nh- 
lislied, F. S(‘hell^ describes the lofh's of tlie N(>ith-w'(‘.slern F]>pt)r 
Harz as having a general strike from south-east to nort.h-west. 
Formerly tli(‘y wti’c^ rejux^sonted a.s being ]>araJ)(d, and this to a, 
ccriain e.vtent is true*, altJiongli it can no ](*ngc]* he consiihaed 
as strictly con'^ad-. The wIjoIo systmn of lo(h\s should ratlico- he. 
regarded as a network, l)ecans(‘, th(‘y art‘, almost a.ll connected 
either by inters('(^ting veins or l)y flucans. T]i(‘ majority of the 
lodes dip to the soiitli-wesi, and on this a.coonjit ha.v(' bcicn t(‘rine(l 
right dij)}>ing,’^ in contradistinction to those* iiK*]int‘d in the opposihi 
direction, wdiicli are styled ‘‘reverse dipping.” "I'lie latter occur 
chiefly in tljc lloscnilnifer lod(‘-gronp. In dc'seribirig the lo(h‘S 
according to tladr cliara.chn* and constitution, it is desirahh^ to 
enq)loy the ex})iession (latujzufj, lode-grou]>, lx.oause it signilic'.s to 
a certain extent that they were formed at one lime, or may ovcni 
be at ])resent in course of forjuation. 

Commencing in the south and emliiig in the north, tlicse lode- 
systems are tlje following: — 

1. The Laubhiitter-Adit lode-grcaip. 

2. The Hiilfe-Gottesor and Lsaakstanuer lode-group. 

13. The Silbernaaler lode-group. 

4. The Rosenliofcr lode-grouji. 

5. The Burgstiidter lorlc-group, and tlie Zellerfelder main lodc- 
group. 

^ “ Dct Bcrglmii am nonlvvestlicheu Oberliarze, ’* ZclUchr. Ihry. IJiiU, Salinanin. 
vol. XXX. 18 S 2 , p. 83 , 
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6. The Haus-Herzberger, Spiegelthaler and Spatenthaler lode- 
group. 

7. The Scbulenberger and Bockswieser lode-gronp. 

8. The Hahnenkleer and Lautenthaler lode-group. 

The Rosenhofer group has the most complicated network of lodes 
of any in the North-western Upper Harz. Forming part of it is a 
perfect entanglement of veins, completely shut in by Wo main lodes, 
namely, by tlie hanging wall of the Thurmhofer and foot-wali of 
the Liegender-Altonsegencr Lode. Between these the most varied 
fissures occur, containing more or less ore. There are also several 
diagonal lodes which render the mapping of this network still more 
difficult, namely, the Ziller foot vein and hanging vein and the 
Braunlilier Vein. Within the network are several reverse -dipping 
veins, and lastly there is the /aide Jlmcliel coming from the 
Burgstiidter Ilauptzng which joins the Altensogeiicr Lode. 



Fig. G2, which is a horizontal section of the group along the 
water-level, will not only servo to give an idea of the position of 
the various branches but also furnishes an example of the general 
mode of occurrence of mineral veins in the Upper Harz. From 
the drawing it will be seen that near the south-eastern shafts of 
the Rosenhiifer group, as well as someAvhat further east and west, 
the lode fissure has widened considerably through the union of 
several veins. The Thurmhi>fer Lode emanates from its hanging 
wall, wdiile the foot- wall of the Altensegener Lode is connected by 
two diagonal cross-courses with the main fissure. 

The contents of the Rosenhi^fer Lode consist of spathose iron 
ore, in addition to argentiferous galena, and on this accouiu its ores 
are easily fusible. Beautiful specimens of fahlerz are met with in 



GERMAN EMPIRE. 


283 


PART n.] 

the Silbersegener shaft, while fine crystals of galena occur in some 
of the others. The ores are associated with clay slate, grauwacke, 
and heavy spar. Deep down, but only in the Roseniiofer Mine, 
blende is found accompanying lead ores ; but this does not (X'cur in 
the upper part of the lode. 

The most important of the Clausthal veins occurs in the 
Burgstadter grouj), and seldom has any lode been riclier in massive 
lead ores. The occurrence of solid galena is s})ecia]ly to be noted 
at two points, namely, in the Dorothoe Mine and in the Herzog 
(leorg-Wilhelm Slinft. 

Fig, 63 represents the Burgstildter lode-group, from which it 
will be seen that it is not a single vein, but is associatt'd witli 
several others, although no distinct iu‘twork is ])resent as in the 



F/o. fi?,,— Tliirj/stu'ltcr lo(le-."r<>ui» ; liori/ouOil sfctioii. 


Roseniiofer ground. At tlic norlli-wosicrn end of the Hurg.stildtor 
Lode, the Cron-Calenberger Lode oc<-urs, .nnd at this point also 
origiiiatos the Zellerfelder niain-lode with its variable hraiieh veins. 
It may be assumed that the (Iron-Calenberger Vein has essentially 
been filled by infiltrations from the Zellerfelder lode fissure, and that 
the galena in the vicinity of the Ring Shalt has originated from this 
lode! The Ernst-August Mine is at present the most westerly on 
this course, and in this extended lode the contents vary considerably, 
the galena being accompanied by clay slate, grauwacki?, calc spar, 
quartz, a little spathose iron ore, copper and iron jiyrites, and, deciier 
down, by blende. It is noteworthy that the ore in the eastern 
portion is associated with clay slate and grauwacke; in that to the 
west of this compact calc spar occurs, while still further west the 
lode becomes more quartzose; the Gabriel Lode being specially 
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rich in quartz. Although galena is the ore cliiefly raisetl, yet in 
the Konigin Charlotte Mine the ore is not i:;alena hut copper 
pyrites. 

In the Zellerfeld mines the quartzose cliaracicr of tlie lode is 
still more marked. There is, however, auotlier circumstance to be 
noted which is very characteristic of the Ring and Silberschnurr 
Mine. Here the galena, in certain parts of tlie lode, occurs in 
annular and polygonal forms which enclose parts of tlie gangue and 
country rock. The whole face of the lode is often covered, as it 
were, with different figures, and the enclosed fragments of rock arc 
all of the same kind, although they often differ in colour, structure, 
and density. As these figures usually approximate to rings, it 
may be assumed that the mine has acquired its name from this 
circumstance. 

In the Schulenbergcr and Bockswieser grouj), ore is found in 
two zones only, which arc tolerably distant from one another, 
namely, to the east near Scliulenberg and Festenburg, and to the 
west near Bockswiese. 

The following remarks apjily not only to these lodes but 
to all those of the Up})er Harz generally : — 

If the contents of a lode arc soft and easily weathered, 
a depression commonly results along its outcrop, as in the 
Charlotte Lode near Wildernann. Sometimes, however, clay is 
formed by the weathering of the veinstone, and this, being im- 
pervious, gives rise to a swamp. If the contents of a lode are 
quartzose and loss easily disintegrated than the country rock, thoji 
the weatliering causes the lode to project from the surface of the 
ground like a wall. This may be well seen at different spots 
on the Schulenbergcr and Bockswieser group. Here the lode 
presents another peculi:irity, which is characteristic of the Herzog, 
August, and Johann-Friedrich Mines, namely that the veinstone 
of the western part of the lode is essentially softer than that of 
the eastern portion. 

The celebrated mining district of St. Andreasberg^ is situated 
on the southern edges of the Kehberg and Sonnenberg, on the 
south-west end of tlie Brocken mass of granite ; the lodes being 
enclosed in a narrow zone of Silurian clay slate and grauwacke, 
bounded on the nortli by granite and on the south by diabase. 
The lodes are in some cases destitute of ore, while in others 
they contain ores of silver, iron, or copper. The barren 

^ H. Credaer, Zeit. d. d. gcol, Gmcllach., vol. xvii. p. 163. B. v. Cotta, 

“ Die Lelire vou deji Erzlagerstiittea/’ 2iid ed. vol. ii. p. 90. 
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veins often attain a width of above 180 feet, and are filled by 
fragments of clay slate and clay ; they dip from 55° to 75° towards 
the south, and extend a great distance on the lino of strike. 
Two of these barren veins, the Neufanger towards the north, and 
the Edelleuter towards the south, enclose a horse or long ellipsoidal 
mass of rock, consisting principally of clay slate, above 2,500 
fathoms in length, and more than 500 fathoms in width. On 
one side of this large enclosure of country rock is the Edelleuter 
vein, or flucan, which continues in nearly a straight line, while the 
Neufanger vein forms an arch on the other. Within this space 
only are silver lodes ever found, and they do not extend beyond the 
enclosing veins. All the lodes knoAvn at St. Andreasberg out- 
side this space contain, with but few exceptions, only iron orc'S 
and copper pyrites. 

Two systems of silver lodes are distinguisbed according to tbeir 
direction. The first is composed of several lodes which strike 
N. 22° to Il7° W., and dip at a great angle towards ibo nortli- 
east. The most important of these arc the Franz-August Lode, 
the Sainsou Lode, and the Jacohsgliick Lode. Two lodes only 
belong to the socmukI .system, nanudy the Gnade-Oottes and the 
Bergrnannstrost Lodes, whicli strike nearly ])arailel to the limiting 
Hucan, and dip ()0° to 85° north. The silvea' veins arc not 
very largo, few of them being above (.*ighi(‘en inches in width. 
The principal gnnguo is calc spar, and the most inqiortant ores 
are gahuia, antimonial and ar.siaiicjil silv(*r ores, and native arsenic; 
these are accompanied by apophyllitc, harmotonu;, d(,‘sniinc, stilhite, 
and fluor spar. The silver ]<)d(;s cro.ss an<l fre({nenlly dislocate one 
another, but calcite is always llu; most abundant gangue. The; iron 
lodes outside the enclosed ellips<ud of country rock are fill(;d with 
compact red iron ore, and with sevfTal veins of copper pyrites and 
cobalt ores, from a zone paralhd to tlu; edge of the granite. 

Tlie presence of zeolites, the com])aTativ(5 siiarcity of galena, 
and the iwedominarice of ricli .silver ore.s, charact(*risc the St. 
Andrcasl)erg Ifjdes and distinguish tliom from those of (dausthal, 
in which galena is abundant and tlie other minerals do not occur. 
vSome of these lodes have a very n'gularly baruhid or (iomb(*d 
structure, and it would appear that their origin is in some way 
intimately connected with the intrusion of tlie u(.*ighbouriug 
diabase. Many of the minerals pre.sont, such, for instance, as 
cerarg 3 'rite, tinder ore, and ganomatito, are evidently products oi 
the decomposition of other substances. The Samson Lode has 
been worked and found to be productive to a depth of 2,590 feet, 
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although on account of the limited extent of tlie ore ground it 
has been followed horizontally for a distance (T about 2,100 feet 
only. 

In the district of Harzgerode and Neudorf/ wliicli is of con- 
siderable interest to tlie mineralogist, the lodes are principally 
enclosed in clay slates of Silurian age. This is especially the case 
in the ]\[eisenberg and Pfaffenbevg, wliere their strike is south- 
east and north-west parallel to the principal axis of the Harz. The 
veinstone consists of quartz, s]3athic iron ore, and calcite, with 
which are associated galena, iron and copper pyrites, tetrahedrite, 
bournonite, stibnite, and occasionally traces of wolfram. These lodes 
also frequently contain fragments of country rock, which are often 
surrounded by concentric layers of ditferent ores in the following 
order, namely, spathic iron ore, quartz, finely granular galena, 
dark brown blende, coarsely granular galena. Zinken has de- 
scribed some of the mineralogical peculiarities of these veins, 
particularly those belonging to the Birnbaum group, and has 
pointed out that in some places the fissures, instead of having 
become filled with ordinary veinstone, contain only clay slate 
traversed by numerous small branches. In the clay slate these 
small vein ■ consist of quartz, but when the wall rock is composed 
of porphyn they are filled principally with galena. In the year 
1879 Neudorf produced 1,414 tonnes of lead ore of the value of 
£7,417. 

The Rammclsberg- is a mountain on the nf)rthorn borders 
of the Harz, in rly two English miles south of the town of 
Goslar, of which the summit is 2,076 feet above fbe sea 
level. The rock consists of three members of the Devonian 
formation, namely, the Goslar slate, formerly called Wissenbach 
slate by F. A. Homer, the Calceola slate, and the Spirifer sand- 
stone. These rocks lie above one another in reversed order, so 
that the Spirifer sandstone forms the summit of the mountain ; 
beneath this comes the Calceola slate, and lastly the Goslar slate. 
The characteristic cleavage of the Goslar slate is not usually 
met with at the Eammelsberg, as the cleavage and stratification 
coincide ; the interstratified limestone and quartzite being parallel 
with the strata containing fossils. When the plane of stratifica- 
tion of the slate has a dip greater or less than 45°, traces of 


^ Credner, “ Geogn. Verhaltn. Thuring. u. d. Harz,” 1843, p. 123. Zinken, 
Leonhard's Jahrhuch, 1850, p. G92. B. v. Gotta, ** Die Lehre von der Erzlager- 
statten,” vol. ii. p. 89. 

^ F. Wimmer, Zeitschr, Berg. Hiitt. Salinemr. vol. xxv. 1877, p. 119. 
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cleavage may be again roiuarkod, particularly to the north-west 
of the Wiuterthal. 

The Ilaniinelsherg ore deposit consists of an aggregation of 
irregulaiTenticular masses of ore of varying dimensions, its gnvitest. 
extension in the direction of the strike being 055 fathoms, and its 
usual thickness from 45 to GO feet, which sometimes, whc're tla^ 
ore mass separates into two branches, extmuls to above iiiiudy feet. 
Like the country rock it has a strike toAvard.s east-north-east 
and west-south-west, with a dij) 45" south-c'ast following all its 
contortions. The Rammelsherg on' do])osit is conse(juently a. tru(‘ 
bed, and an independent member of tlu‘ Goslar slates. 

Fig. 64, representing a tra.nsvers(‘ section across tlu' Ramnuds- 
berg, and Fig. 65, a section on a. larger S(‘ale aiaoss the ore ])t‘d, 
will serve to show the mode of occurrence of the ores in this 
mine. 



This dej)osit was n'garded by Delius (1770) as a, shxdv W(»rk, 
and was described by La.sius (1780) as being neitlnT Iod(% s1o(k, 
nor stockwork, but a,s a “rbomboidal ])nrallelo}>ipe(lon of or(».” 
Biihmer (1708) called it an ErzJJotz or or(‘ S(‘am, and tbe braijcli be 
considered a tnu* lode. Reicbetzer (1821) calls it, a s/dinider Stork ; 
B. V. Cotta calls it a Urr/endrr Stork, or r(‘cumbi.*nt segregation, 
while Gatterer and Hausniann n^garded it as a IkxI. 

This bed is composed of lenticadar aggregations of pyrites, 
which consist of compact mass(*s of 

1. Galena with blende and iron j>yrit,es. 

2. Galena with heavy spar. 

8. Copper and iron pyrites. 

Tlio minerals of the Karamolsherg ore bed may be flivi<lcd 
into three classes : ^ — 

^ F. Ulrich, “ Die Mineral vorkommiiissc in elcr Umgegend von Go«lar,’* 1860. 
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a. Minerals wliicli originally formed the bed. 

1), Minerals which occur in fissures and veins in tlie ore-mass. 
c. Minerals which have been formed by the decomposition of 
the two preceding. 

a , — Of this class the prevailing constituent is iron pyrites. 
Copper pyrites, always mixed with iron i^yrites, and sometimes with 
fahlerz is also pr(\sent. Galena occurs in a compact form, but when 
Tnixed with pyrit(\s it constitiiU‘s the so-calh'd mdiricM Hrzc ; when 
in association with blende, iron ])yrites, and heavy spar, it forms 
](jad ore proper, which is calkal “ brown ore or “ grey ore,” according 



as blonde or lioavy spar predominates. Blende occurs in com- 
pact masses, as docs also heavy spar; (piartz is exceedingly rare. 

— In class h, copper pyrites is found in beautiful crystals, 
crystallised fahlerz and galena also occur ; while the blende is 
usually compact. Tlie heavy spar is ciystallized, and filling the 
fissures are found ealeitc, calamine, gypsum, spathic iron ore, 
and quartz. 

c . — A number of interesting secondary minerals are being 
formed in the ancient workings of the Eammelsberg Mine by the 
decomposition of the original ores. Among these sulphate of iron, 
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rarely crystallized but often in a stalactitic form, is of frequent 
occurrence, as are also botryogeii, rcumerite, voliaite, copiaj)it(‘, 
and vitriol ochre. Sulphates of copper, zinc, and calcium, are also 
present, as is also halr-mlt, a magnesian aluminium sulphati! 
containing sulphates of zinc and iron. 

Professor G. Kohler^ of Clausthal lias brought forward 
additional evidence of the correctness of the view that the 
Raminelsberg deposit is a true ore bed, and an indo])(‘ndent 
member of the Goslar-slate series, and in his j>aper on this sub- 
ject gives drawings of a number of sjiecimens of t he on's, sliowiiig 
that all the contortions of the surrounding rocks arc sluircd by 
the ore bed itself. 

According to official returns the production of the })rinci])al 
mines of the Harz, during the year 1881, was as follows : - — 



Lead ( )i cs. 

Mines. 



Weight. 

! Value, 



Toniios 

£ 

Claustlial , . . 

10,147 ) 


LauttiiiUial . , 

1,758 ( 

200,752 

Silbeniaal . , . 

4,140 ( 

St. Andreasberg 

109 ) 


Rammelsberg . 

27,547 

11,143 

Totals . . . 

43,707 

211,895 


('o|ti»er OroH. 

Zinc ()n‘K. 

W«4glil. 

Vului*. 

Weight. 

Value. 

Tonnes, 
j 424 

£ 

1,752 

TomicH. 

493 

5,238 

1 l«,4;i5 

19,365 

28,087 



19,789 

29,839 

5,731 



In addition to the above Andreasberg produced, during the 
year 1881, 122 tonnes of silver ore of the value of Xr),h01. 

Inclusive of cupriferous lead ores and iron pyrit-es, the production 
of Rammelsberg in 1881 amounted to 40,990 tonnes. 

Mining was commenced in the county of Mrinsfeld,^^ on tlie 
southern declivity of the Harz, in the year 1199, and has, with 
but little interruption, continued flourishing up to the present 
time. In the fifteenth century about 1,000 tonnes of c<)})per were 
annually produced, but, during the sixteenth, mining was for some 

^ ** Die Stdrungen im Rammelsberger Krzlager bei Goslar,” Zeitnehr, Jkrcf. That. 
Salmmw.y vol. xxx. 1882, pp. 31 and 278. 

* Ihid* vol. xxx. 1882, pp. 175, 185. Ihid. vol. xvii. 18(5P, p. 259. lltid, 
vol. xix. 1871, p. 224. 

* ** Der Kupferschieferbergbau und der Hiittenbetrieb zur Yerarbeiturig <l<*r 
gewonnen Minern,’* 1881 . 

U 
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time interrupted by the Thirty Years* War. Working was, however, 
resumed in 1573 by the Elector of Saxony, since which time 
operations were continuously carried on by independent com* 
panics. In 1852 these companies were all consolidated into the 
“ Mansfelder Kupferschicferbauende Gewerkscbaft ** (Company 
for working the Mansfeld Copper Schist), which now produces 
annually about 11,000 tonnes of copper, together with 60 tonnes 
of silver, and aiibrds employment to nearly 11,000 miners. 

The geological constitution of the copper-mining district of 
Mansfeld is, on account of the regularity of the stratification, 
exceedingly simple, and, with the exception of melaphyre, which 
occurs sparingly in tlie Wipper Valley and a few adjacent localities, 
the whole region is composed entirely of stratified rocks, of which 
the Rotldietjendcs forms the lowest meinl>er. 



Fig. 66, representing an anticlinal in the Tiefthal district, will 
convey a correct idea of the position of the various strata. 

The Rothliegnulc^, the name ap])lied by the miners to the sand- 
stones and conglomerates forming the base of the Mansfeld 
JCupfcrschlc/er, or copper schist, sometimes exceeds 500 fathoms 
in thickness, and exhibits many characteristic peculiarities by 
means of which it is easily recognised. This formation may be 
divided into three zones, the lower, tlie middle, and the upper. 
The lower of these divisions is characterised by a conglomerate 
of waterworn horiistonc pebbles ; the second by various beds of 
carbonate of lime ; and the third by a sharp angular grit much 
employed as a material for millstones. 

The Weisslier/endes may be considered as the uppermost bed 
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of the RoihJicffcndcs, for, although this stratum, four feet six 
inches in thickness, resembles to some extent the layer above, 
particularly in its grey i.sh -white colour, in the of 

carbonate of lime, and in its containing in its upper beds on‘s 
of the same metals as tlie limestone formation above, it still 
retains the peculiar sandstone character ] Possessed by the 
Jlothluyeiidcs, 

As a rule, the IVi’issIityoidc'i lies on the up])er clayi'y beds of 
the llothliP(jrndes as a greyish-white b(‘d rich in mica and lime. 
Above this follow beds of sandstone, which poss(\ss a (‘(umaiting 
material of a greyish-white colour rich in lime, togtdluT uith, in 
places, beds of conglomerat(» containing fragimuits of (piartz and 
siliceous slate. The upj)er bed of this slnirply divided division 
becomes, through the di.sappearanc(i of lime as a ccunenting 
material, very rich in quartz, and in places tak(‘s the a]>peara,nce 
of horns tone. 

The Zevla^tcin formation at JMansfeld consists of two j)rin(M[)al 
divisions, an U])pcr and a lower. Of these th(‘ lowi'r compndiends 
the K'KjifcrHchicfrrJlof::^ or cupriferous s<'jnn ; tlie Darh, or roof, and 
the Zvvhdchi ])roper; while the upper consists of the Rauch- 
wachi\ Rnula^tcin, JSfijik.sfciu^ and Anchc with gyj)snm and various 
clays. 

The bituminous marl constituting the copp(‘r schist, or coj>pt‘r 
sliahi, lies everywhere', with tlie greati'st regularity, on the Rfdh- 
luycndcH, so that it can followcnl as a thin black ]>and; indeed 
in some places, such as at the .sonthom edge of ihc^ llarz, it 
even strctclies beyond, which app(*ars tho more' nunarkable when 
its small thickness, only about nin(‘tt'(*n incla'S, is takcui into con- 
sideration. The hitumiiious contents of tlu' co})juu’-b(‘aring he'd, 
whicli, however, diminisli iiear the top, arc' more (diarfu teristhj 
than oven its mc'tallie contents, as hituim'ii is often prescuit 
when copper ore is absent, or occurs only in quantities too small 
to pay the expensc^s of smelting. 

Ev(*u on a cursory examinatiem, without taking into con- 
sideration tlie greater or h'ss projKn-tioii of coppc*r presc'ut, the 
copper schist is readily divisible into .several distinct lasers. Tlie 
deposit is most complete in all its members in the Hettstedt 
and Gerb.stedt districts; but this is less the case in the districts 
of Eisleben and Sangerhansen. 

The different layers of the copper .schist receive from the miners 
the following names, and occur in the following ordcu*, beginning 
at the bottom. 


V 
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' Hettstedt, Gerbwlodt, 

Eisleben. 

Sangerhansen. 

9. Oberberge. 

Dachburge 

Noberge. 

8. Noljergc. 

Noberge 


7. Lochberge. 

rr ( Obtjr 

[uukr 

ITiitcnvand. 

6. Kanniischalc. 

5. Kopfsciiale. ^ 

Kaninischale. 

Sohioforkopf. 

i. Sclueforkopf | | 

Urobe Lotte. 

Blattschiofor. 

*3. Locbscluilc. 

Foiiie (Loch) Lotto. 

Sclirainscbiofer. 

2. Loeben. ) 

1. Li(‘,"cudc Scbale. ) 

i 

Wanting. 

1 

Erzscliiefer. 


The first division consists of the Licgmulc SchalCj which is not 
everywhere present, after which conics the Locltm, consisting of a soft 
clayey bed, which generally lies on, and is firmly attached to, the 
layer of shale below ; whilst above it is the Lodif<chcde^ chiefly 
distinguished by its extremely fine lamination. The entire lower 
division is at the most from 2 to 2| inches in tJjickness. 

The second division is much coarser than the first. The Schiefcr- 
Icopf, which is divided into lower and upi)er, has a solid homogeneous 
ajipearance, which, however, it loses in the Obcrhrpf^ which is 
coarser and shows an uneven fracture. This is followed by a thin 
layer, the Ko 2 '>/ii<’hale, which sometimes contains strings of gypsum, 
though by no means with tlie same regularity lus is seen in the 
next layer, the Kanimscludc, 

The Kamnischale presents a very characteristic ajipearance, 
and is everywhere readily recognisable. It is traversed by fine 
regular threads of gypsum, whhdi gives it an appearance well 
described by the miners as “ wliite-haired.’' The entire second 
division (4, 5, and G) reaches a thickness of only four inches. 

Much coarser, but still almost always with a distinct cleavage, 
is the Lochherge. The cross fracture is perceptibly greyer and paler 
than is that of the preceding layers. The Lochlergc, being sejiaratcd 
from the strata both above and below by smooth schistose surfaces, 
sejiarates in a layer 21 to 4 inches in thickness, and is often used 
as a building stone. 

The Noherge is a still finer schist, of less clearly defined texture, 
in which bitumen is less readily discerned. 
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The Oherberge is grey, and already exhibits characteristics very 
similar to those of the layer above known as the Bach ; the Kohcnje 
and Obcrhcrge together attain a thickness of from 6 to 8 inches. 

The lower portion of the series is, in the Eisleben district, 
always known as the Zeffe, and in that of Sangerhausen the layers 
of the loiver division are usually soft, plastic, and gi’oasy ; when 
firmer they often contain visible grains of jiitch. The Bnschiefer, so 
called on account of its greater metallic contents, is not everywhon^ 
present, and wlicn jiresent does not oxe(‘ed a thickness of inch. 

The Bach exhibits a coarse IVaciure and is not readily fissile, 
being usually a greyish-white coiu])act ])(‘d of marly liine.stone from 
6 to 14 inches in thickness, which on exposures to tiu' air becomes 
yellowisli-brown, and, on wcatliering, separates into polygonal 
fragments. 

The Faille, from 2 feet G inches to 8 feet in fhichiu'ss, is a 
dark-blue solid limestone ivhich is always distinctly marly. 

The Zcclidnn proper is a d(‘ns(^ ytdiow'ish or smoke-grey limc^- 
stone with a conehoida! fracture, and is the most regular and con- 
tinuous of all the strata accompanying the Ka pfcrschicfcr s('am. 
It is in a higli dcgriH'- suitable f'or building purposes, since it uot 
only occurs in regular })e(Js, varying from 4 to 12 in(‘h(‘S in thick- 
ness, hut is also ri'adily divided into parall(‘lo]>i|)(HlaJ lilocks. Flat 
hmticular bodies enclosing a dark carbonaceous mass as a kern(‘l, 
probably the remains of some organism, arf* jieculiar to the Zrehsfein. 
The up|)(*r l.ayers, from (i to 12 inches thick, .are jiorous, tli(‘ pores 
being of a. yellow colour, Tiiis IxmI passes into the ru^xt of 
the series known as the llavclnracle, wliieli, in some districts 
often f)f considerable thickness, is in the Mansfeld district only 
from 18 indues to G fiM^t thick, an<l lies on the toj) of \\\k), Zcchdcin ; 
but it is seldom of great ext(‘nt, thinning out and disap]K*aring and 
then again aj)pearing. It ])ass(‘s from a firm dark-greyish black 
dolomitic limestone to a yelluwisli-grey or yellow magnesian marl. 

The Bauclnraclce is often traversed by small fissures filled with 
calcite, which imparts to the ro(‘k the .‘»,pj>earance of a breccia 
of which that mineral is the cementing material. 

The which consists of a grey earthy or sandy dolomitic 

marl, is never absent from tloj top of the ZcrliHii:in,\m\j is (jxtrcm(;ly 
variable in thickness, and is often much intermixed with other beds. 

The Eavhstein, which is never absent where the Jache is pres(*nt 
in considerable quantity, forms an intermediate link between tlio 
Eaurliwacke It is blackish-grey in colour, and resembles 

the Bauchwachc in its porous structure and the irregular arrange- 
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ment of its constituents. It is usually found imbedded in the Asdic, 
Stlnhstein, from its frequent passage into tlie Asdic, with which 
it intermingles as frequently as does the IlmiJistcin, is closely 
allied with these two beds. It is of a dark-grey colour and thinly 
fissile, the planes of division, however, being in very varying direc- 
tions, owing to inovoments having taken place in the beds which 
appear to have broken the stratum and thus disturbed the 
foliation. The peculiar odour of the Stinksfem is shared to some 
extent by the u])per layers of the whole scries. 

The blue clay, which forms the topmost layer of the formation, 
is often interstratitied with red clay, and encloses layers of Stinlc- 
stcin and Jlaiihstcin, The blue clay passes into Asdic, becoming 
more sandy in so doing. 

Gypsum and anhydrite play an important part in the Zechstein 
formation penetrating all the layers down to the Wdssliegnidcs,^i\(\ 
varying from scarcely visible traces to distinct beds of greater or 
h'ss thickness ; almost everywhere where deposits of this mineral 
are bored througli, anhydrite is found somewhere in the mass. 

The metalliferous contents of the AO^;>/cr.sY://?>yrrseam occur as a 
rule in tlui forrii of Speise, that is, sprinkled in the condition of very 
fine dust which, on a transverse fracture, causes a metallic reflection 
in sunlight. It has either a golden colour, from the presence of 
co])pcr jyrites in predominant quantity, or a violet, blue, and copper- 
red colour from the })reseu(!e of erubeseite ; more rarely the colour is 
sieel-grey, from copper glance, or greyish-y(‘lh)w from iron pyrites, 
and, finally, sometinu'S bluish-grey, from the ])resence of galena. 
Although the ^'^cise princij)ally consists of suljdiuretted ores of 
copper, there also occur, in greater or less quantities not visible to 
the eye, sulphide of silver, blende, galena, iron and copper pyrites, 
coy)per-nickel and arsenide of cobalt, as well as compounds of man- 
ganese, molybdenum, and selenium ; oxidized conqKjunds and salts 
also occur as secondary products. In addition to the Speise small 
bands and filaments of the same ores likewise occur, filling fissures 
parallel to the bedding ; the presence of tlu‘se is not, however, 
sufficient to make tlie ore profitable for smelting when Sjmsc is 
absent. None of the layers of the Kupfvrsdiicfcr seam are barren 
of metal, but it is only in a few of the bands that it occurs in 
workable quantities, these being invariably the lower layers up 
to the Kammsdude, which is, fis a rule, the limit of smeltable ore. 

At Eisleben the Lettr, together with the Kammschnlc, are, as 
a rule, the productive beds, and with these is associated the 
Schiefcrlvpf, especially on the ridges and in the liollows of the 
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seam. In proportion as the depth incronsos, however, the elay or 
the Kammschalc frequently becomes too poor for smelting, lu 
the Hettstedt district the productive slate is confined mainly to 
the Lochen and Unterhopf, the Oherkopf being mostly unproductive, 
while DaMcrgCj worth smelting, occurs but rarely. 

The term Fldtz, seam, is usually a})plied to the prodiudive 
bed only, the thickness of which varies from to 5 inches. 
With this restricted heiglit it is of course nec(\ssary i-o remove 
a portion of the country in order to allow room ibr working. 
As the floor is hard the roof is removtHl to siith an (*xtent as to 
allow the hewer to worlc in a. reclining position, and as IIk^ miner 
reclines on his side the breadth of the shoulders is the minimum 
height of the working s])acc neci'ssary. The most suitahh* h(‘ight 
is about twenty-two inches, but the cu])rif(Tous hand is often 
worked with a height of from sixtenm to eighteen iiulu's only. 

In some pkic(\s there (Kxairs Ixdow the Kunfrm'hivfrr, on the 
upper part of the Wcibslugnidts, a d('})osit known as Handerze, 
which usually appears as what is locally known as gelhe 
consisting of consolidated grains of copper ]>yritt‘S mixc'd with 
sand. Wlier(‘ver this Ttchhc appears, it assumes the Ibrm of a. 
golden y(‘IIow band of from one-third of an inch to one iruh. Tlui 
Ki(]f/crs('Jrirfcr of the Alansfeld <listrict contains on an av(*nig(^ 
from two to three ])er cent, of copper witli about ten ])onn(]s of 
silver to the tonne of cop]K‘r, whilst the Sffvdcrze of the Sanger- 
hausori district reaches as high as five jkt ccuit. of co]>])er wh(‘n tin* 
ore is pyrites, to ten jkt cent when it consists of erulH'scutc*, tlie silver 
in this case nndung only five* p(»unds jkt lonuf^ of coj)]kt. [ji tluj 
northern jKTtion of the district tlui scliists ar(‘ jxKU’tT for co])p(T, 
yielding scarc(dy one, and a half per cent. 

The following analyses give the comjiositien of copj)er schist 
during the second (piart(T of 1879 : — 



; OUoSliaft 

I 

Krrist Shaft 

(iluckhiir 

Shaft. 

Silica 

. , ‘ Ji8-42 

srrir, 

29-22 

Ahmiiua 

. . ! 

12-bO 

11-76 

Lime 

. . lo oa 

14-89 

12-66 

l^lagiuiKia 

. . ! 

2-82 

2-25 

Carbonic acid 

. . : 7-02 

10-47 

0-48 

Iron 
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8-31 
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Copper 
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2-90 
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Silver 
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•021 

Sulphur 

. . 1 3-I8 

2-1 r» 

4-97 

Bitumen by loss 

. . 1 14'C8 

i 9-89 

! i 
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Zinc, lead, manganese, nickel, and cobalt were not quantitively 
estimated. 

As shown in Fig. 66, the Kujyferschiefcr deposit is overlain by the 
well-known Bunter Sandstone, which, in this district,, consists of red 
slaty clays, red-coloured sandstones and sandy shales, oolitic beds 
and thick masses of gypsum. Copper schist is also worked in 
Hesse, and at Saalfcld in Thuringia. Some idea of the importance 
of the Mansfeld metalliferous deposits may be gathered from the 
following facts. The total number of men employed at the end of 
1881 in all departments, mining, transport, smelting, &c., was 
13,087, and, taking their . families into consideration, the total 
number of persons dependent on the working of the Kupferschiefcr 
was a trifle over 35,000. 

In the Mansfeld district the following quantities of copper schist 
have been raised since 1862: — 


Yeur. 

Tonnes. 

18G2 . . . 

. . . 61,971 

1865 . . . 

. . . 91,028 

1868 . . . 

. . . 135,284 

1871 . . . 

. . . 170,580 

1874 . . . 

. . . 192,847 

1877 . . . 

. . . 269,482 

1878 . . . 

. . . 299,601 

1879 . . . 

. . . 320,320 

1880 . . . 

. . . 394,650 

1881 . . . 

. . . 436,048 


Besides this the Sai'^erhausen district, belonging to the Mans- 
feld Company, produced 138,405 tonnes of copper schist during the 
period from 1862 to 1880 inclusive ; or an average of 7,284 tonnes 
per annum. 

Sangerhausen alone, in 1880, produced 10,933 tonnes. 

„ „ 1881 „ 9,367 „ 1 

Altogether, Sangerhausen and Mansfeld, in 1880, produced 
405,583 tonnes, representing a value of £537,390; and in 1881, 
445,415 tonnes, worth £660,487. In the year 1881 the quantity of 
silver and copper obtained ^ was as follows ; — 


Copper 10,999 tonnes. 

Silver 59,836 kilogr. 


^ Zcit'ichr, Berg. Hiitt. Salinenw.f vol. xxx. 1882, p. 183. 
® Jhid, vol. xxx. 1882, p. 226. 
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The iron ores of the Harz,^ wliicli are very widely distributed, 
chiefly consist of haematites and limonitcs, although both magnetiie 
and spathic iron ore are also occasionally met with. B. v. l-otta 
remarks tliat the comparative rarity of magnetite may probably be 
explained by the absence of crystalline schists, since it is principally 
in such rocks that deposits of iron ores have become changed into 
magnetite by the metamorjdiic action which has caused the alteration 
of the rocks themselves. In the Harz, as in numerous other 
localities, iron ores are for the most part associated with igneous 
rocks, either being enclosed within them, or forming contact 
deposits in their immediate vicinity. They occur usually, but not 
universally, in connection with diabase, and are found in the form 
of beds, veins, and irregular deposits. 

Many of the masses of greenstone penetrating the Silurian 
rocks of the Eastern Harz, near Tilkerode, contain deposits of 
hmmatite, which, according to Zinken, do not extend into the sur-^ 
rounding clay slates. Tliey occur either as irregular lodes in tho 
diabase, or form deposits between it and the neighbouring slate, 
and it is remarkable that, in addition to iron oies, they sometimes 
contain various compounds of selenium, such as clausihalitci, 
lehrbachite, and tilkerodito associated with auriferous i)al]adium. 
As is usually the case, when si)athic iron ore is ])resent it has, near 
the surface, been converted into limonito. Similar de])osits occur at 
Elbingerode, Lehrbach, and Zorge ; while on the Krokenstein, 
Hiitteiirode, haanatite forms a contact dej>osit between limestoiie 
and clay slate. Little a])j)ears to ])avc been done during tlie last 
year either at Tilkerode or at Zorge, while at Lehrbach three men 
only were employed. During the year 18S1 Elbingcirode pro- 
duced 4,000 tonnes of brown iron ore and 2,17ll tonnes of red 
ha3matite. 

The manganese deposits of the Harz are almost exclusively 
confined to the neighbourhood of llfeld, wlKjre they occur in 
porphyrite in the form of veins varying from a few inches to nearly 
two feet in width, and of which the usual strike is between 
N. 82"" W. and N. W' W. The ores, wliich are in part compact and in 
part crystallized, consist of manganite, pyrolusite, varvicitc, braunit(s 
.hausmannite, psilomelane, and wad ; the associated matrix consisting 
of calc spar, heavy sj)ar, brown spar, and, sometimes, carbonate of 
manganese, with crystals of clac spar coloured black by manganic 
oxide. These lodes are invariably accompanied by branches in 

^ Zinlceii, Der ostlicho Harz,” vol. i. 1825, p. 135 ; Oredner, Oeogn, Vrrh, 
Tliiir. u. des Harzes,” 1843, p. 127 ; Kerl, Berg, uwl HiltUnm, Zeil. 1853, p. 148. 
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which ores of manganese occur in a compact form and Avithout any 
admixture of matrix. They are seldom productive to a greater 
depth than about six fathoms, although in a few exceptional cases 
they have been followed to beyond thirty fathoms. The porphyrite 
of Ilfeld is in some places traversed by lodes of iron ore. 

During the year 1881 the Ilfeld mines produced 144! tonnes of 
manganese ore of the aggregate value of £1,815.^ 

Thk Thuringian Forest.^ — Iron ore was at a very early 
period worked in the Thuringian Forest, iron works having been 
built near Saalfeld in 1071. Gold was mined at Goldisthal in prehis- 
toric times, while the gold-washings and gold mines at Reichmanns- 
dorf and Steinhaide, near Saalfeld, were flourishing in 1200 ; they 
were, however, abandoned in 1430, but resumed in ] 533. The 
Glite-Gottes Mine at the Petersberg, from 1576 to 1580, yielded 
about seventy-five pounds of fine gold. It was abandoned in 1635 
on account of the Thirty Years War, but in 1692 was resumed by 
foreign miners procured by Duke Albrecht. In the year 1700 
there were gold-washings on tlie Werra and the Ilz near Schwarzen- 
brunn and Schalkau, but they do not aj)pear to have been 
successful. The only ores at present obtained in tliis region arc 
those of iron and manganese, with a little antimony and a still 
smaller cpiantity of copper ore. 

Geologically, the Thuringian forest is divided into two portions 
of very unequal areas. The south-eastern part, winch joins the 
plateau of the Fichtelgebirg(j, and from which it is separated by no 
natural boundary, consists, principally, of Silurian rocks bounded 
on the north by Permian strata, and on the south-west by rocks 
of Carboniferous, Permian, and Triassic ago. 'J''his district is 
penetrated by but few masses and dykes of granite or other 
eruptive rocks, and is by no means rich in metalliferous veins. 
The north-wa^stern portion consists of a small mountain ridge, 
of which the geological characteristics are much A^aricd. Here 
granite, syenite, gneiss, and mica schists a])pcar to be the oldest 
rocks and are frequently traversc^d by various porphyries and 
greenstones. In the Silurian rocks of the south-eastern district 
considerable quantities of lueinatite and limonite are mined, par- 
ticularly in the neighbourhood of Steinach and at Schmiedcfeld, 
near Grafenthal, where a bed of iron ore courses parallel to the 
strike of the enclosing slates. 


1 Zeitschr. Berg. Iliitt. SaJinenw. vol. xxx. 1882, p. 188. 

® Krn" voii Nidda, Karsten’s Archiv. vol. xi. 1838, p. 13. Crccliirr, “ Gc^gn. 
Yerhiilt. Thuriug. ii. d. Harz,” 1843, p. 130. 
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At Weitisberga, neai* Leliesten, in the vicinity of a mass of 
intrusive granite, are several lodes which appear to occur in small 
masses of greenstone which penetrate the slates, but are not found 
in the slates themselves. These veins contain small quantities 
of galena, blende, and copper p3’^rites, intimately intermingled with 
a gangue consisting, principally, of calc spar and hornblende. 

The small intrusion of granite which comes to the surface 
between various masses of porjhyry near Schmiedefidd contains at 
the Krux Mines, west of the village, some irregular deposits of iron 
ore ; tlie surrounding rock, which is hornblendic granite, appears to 
be associated with a sort of greenstone. The most important of 
these deposits is that known as the 8chwarz(' Krux, sometimes 
consisting of nearly pure magnetihi, bnt occasioniilly more or less 
mixed witli cpiartz, garnets, iron pyrites, (topper ))yriU*s, mispichel, 
specular iron ore, and lluor spar. Tlie llothe and the Gelhe Krux, 
near tlie Sebwarze Krux, contain somewhat similar deposits, which 
consist partly of liiematite and partly of magnetite, often, however, 
much mixed with iron j)yrites. 

The (|uartz"j)()rp]iyry, as well as the mica~tra))s and mela]>hyres, 
of the Thuringia, n Forest is sometimes traversed hy veins of oxide 
of manganese*, wliose strike is usually })arall(*l to the tre‘nd of the 
mountain ridges. These le)des, Avhiedj exceptionally pe*n(*trat(? the 
granite, consist of pyrulusite and psilornelano assexnated witli calc 
spar and heavy spar ; with tliese are found wad, liausrnannite*, 
braunite, and, more rare;ly, manganite. TJie ])riii(aj)al vehns yie'lel- 
ing ores ejf mangaiu*.sc occur in ihci Rnni{)elsberg anel Mitte^Ibeirg, 
ne^ar Elgersburg, wliero th(,‘y usually occur without any eiojisiehrable* 
admixture <)f gangue. are, how(,ve‘r, s()nu>time‘s assochileel 

with tabular heavy spar or calc sp,'ir,and tlie lexhis ne)t unlVeepiently 
enclose large ljurs(*s of the rock in wliiedi tlie^y oe^cur. When 
pyrolusite is pr(*sent in a pure state, it usually forms hands parallel 
to the walls of the vein fissure with its crystals all directed towards 
the centre of the lode. The other ores of mangajjese are found in 
irregular patclies, between the masses of country njck and clay, by 
wliicli tlie lode fissures are partly fi]h‘d. A few of the most 
important of these lodes attain a width of fifteen fcjet, while others 
can only be traced as mere ]ine.s. Tlicir extreme dejitli has never 
been attained, although the workings on some of tliem have 
been carried fifty fatlioms below the surface. The analogous 
deposits of pyrolusite in the neighbourhood of Ilrnenaii and 
Friedrichsroda are of less imporhince. 

A dark-coloured slate which overlies the granite at Ooldlauter. 
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iiear Suhl, is of Carboniferotis age, and contains tliin layers of 
anthracite, together with impressions of ferns and stigmaria^ 
One of the beds of this formation of a more than usually dark 
tint contains lenticular or ellipsoidal masses, varying from one inch 
to six inches in diameter, containing various metalliferous ores. 
These are arranged in concentric layers around a kernel generally 
consisting of sphaerosiderite, although this is sometimes replaced by 
a fragment of black crystalline limestone. The kernel is usually 
surrounded by layers of copper pyrites, tetraliedrite, native silver, 
and a silvery white mineral (probably mispickel) which crystallizes 
in fine needles and contains a large percentage of silver. A layer 
of reddish-brown spar, containing but slight indications of the 
presence of metals, surrounds the minerals above enumerahid, 
and over this follow alternating bands of iron pyrites, mispickel, 
and argillaceous shale. These ellipsoidal masses are rarely so 
perfect as to exhibit in any one specimen the whole of the layers 
mentioned, and this deposit may be regarded as possessing greater 
geological interest than economic value. 

In addition to iron ores, the Ziiclidcin of the Thuringian Forest 
contains Kupfersekiefer^ with veins containing ores of silver and 
cobalt. The most im])ortant iron deposits of the Zcchsicin occur 
in the neighbourhood of Herges, and are worked in tlie Stahlberg, 
Mominel, and various other mines. That they originally consisted of 
spathic iron oretliere can be little doubt, but tliey have now become 
chiefly converted into limonite. Although their form is irregular 
they have a general south-east and north-west strike and appear to 
be frequently connected with one another, but arc entirely confined 
to the Zechstcin. The strata of the Zcclidcin and Bunter Sand- 
stone formations are much dislocated, and intrusions of granite aivd 
other eru})tive rocks are of frequent occurrence. Kiipfcrsdtiefcr 
and Wcisdiegcndcs appear to be wanting in the neighbourhood of 
Herges. 

In 1879 the Thuringian Forest produced 18,G80 tonnes of iron 
ores value £5,914 ; 1,273 tonnes of manganese ores value £4,G77 ; 
41 tonnes of antimony ores value £746; and 10 tonnes of copper 
ores value £8.^ 

The Euzgebiuge. — This mountainous range constitutes an 
elevated plateau rising on an average from 2,000 to 2,500 feet 
above the level of the sea, with a gentle north-westerly slope 
towards Saxony and a more precipitous declivity in the contrary 
direction towards Boliemia. The predominant rocks of this region 
^ Berg Hiitten Kalcndar, Essen, 1882, p. 174. 
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are gneiss and mica schists which, towards the north-west, gradually 
merge into non-fossiliferous clay slates. 

These stratified rocks have been penetrated by numerous 
masses and dykes of granite, as well as by the so-called red 
gneiss; granitic and syenitic porphyry, together with various 
greenstones, are likewise of frequent occurrence. . Basalt here and 
there forms small conical hills or appears, in the fofm of dykes, 
while siliceous slates, covered for the most part by rocks of Carbon- 
iferous and Permian age, occur on the north-western declivity. 
The ore deposits of the Erzgebirge occur exclusively in crystalline 
schists and in igneous rocks, and although very numerous they are 
not exceptionally rich. Tliey contain ores of silver, lead, zinc, 
go^jper, 'tin, cobalt, nickel, bismuth, antimony, ais(‘nic, iron, and 
manganese, with occasional traces of gold and ii\c‘rcury. 

The veins of silver and lead ores, which also frc(]ueiiily contain 
ores of co])per, arc for ilie most ])art confined to a zone extending 
in a north-easterly and soutli-westerJy direction over tlui (‘,n‘st of 
the mountains from Mcdsseii, through Freiberg, Lang(?nau, Oedcran, 
Wolkeiisteiii, Marienb(^rg, and Aimaberg, to Joachinistbal. 

The tin-ore districts, wbieb c.oniain the ol(k‘st nudalliferous 
deposits of this region, arc found in groups which (ixtend along tlie 
crest of tlie mountains, where th(‘y form lod(‘S, iinj)rt‘gJiations, and 
surface deposits. Vedns of cobalt and nickel on^s, fre(piently c!on- 
taining bismuth, silver, huid, and c()j>per, otreur ebic'ily in the 
neighbourhood of Sehneeherg, but ores of cobalt and nickel arts 
likewise found in the silvtT lodes of Frtdhtu’g, Marienhtirg, and 
Joachinisthal. Lodes of hiematite anti limoiiite, fre<iut‘ntly (con- 
taining manganese, lie chiefly within a zt)ne corresponding to the 
crest of the mountains, but d(ij)osits of magneiittc, associated with 
diabase and other greeusttuies, are distributed in groups throughout 
the Erzgebirge. Traces of cinnabar otecur in the clay slaU‘S near 
Harteristein, and ores of aiitiinony, arsenic, and zinc, are found in 
numerous localities. Gold, although occasionally found in minute 
quantities, is no longer systematically .sought afttjr. 

Mining operations in Saxony were first carried on at Frei- 
berg ; ^ some waggoners, wlio were transj^orting salt from Halle 
to Kuttenberg in Bohemia, having discovered pieces of galena 
on the road, carried them back to the Harz. This accidental 
discovery gave rise to mining, at wliat is now called Freiberg, by 

^ 13. V. Cotta, “ Die Lchre von den Er^jlagerstiitteii,” 2nd ed. vol. ii. p. 4. M. F. 
Ga(dzschmann, “Die Aufsuchiing iiud Untersuchiing von liage.istalU'n nutzbarer 
Mineralien,” 186G, p. 8G. C. li. Muller, “Freiberg’s llerg. nnd UiittenweHcn,'' 
Freiberg, 1883. 
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miners who, in 11 GO, emigrated from the Upper Harz. Mining 
was flourishing in 1181, but, owing to famine and religious wars, 
many of the mines were brought to a standstill in 1521. In 1540 
the town of Freiberg already contained 32,763 inhabitants above 
the age of eleven years, the majority of the men being miners. 
Great difSculties were, however, experienced in draining the mines, 
so that in 1569 as many as 2,100 horses and 250 men were 
employed in raising the water. In the beginning of the seventeenth 
century the richness of the mines was very great, and from the year 
1529 to 1630, after subtracting the Government dues, they yielded 
a clear profit of £487,500. The Freiberg School of Mines was 
founded in 1702. 

The lodes of Freiberg have been so carefully studied by B. v. 
Cotta, who passed a large portion of his life in the neighbourhood, 
and who may be regarded as the best authority upon this subject, 
that I shall mainly confine myself to a of his description 

of the veins of this region. 

The ore district comprises the area lying between Nossen, 
Oederan, Erbisdorf, and the stream known as the Bobritzsch, con- 
sisting predominantly of gneiss, but which is towards the west 
overlain by mica schists and clay slates. These schistose strata are 
traversed by various eruptive rocks, some of which have become 
converted into serpentine. Both red and grey gneiss occur in the 
neighbourhood around Freiberg, and frequently alternate with one 
anotlier in almost iiarallel layers. The stratification and foliation of 
these rocks are nearly horizontal, but they gradually fall away in 
two opposite directions so as to form a gently sloping saddle. The 
red gneiss is usually pov^ ’ in lodes. The grey or normal Freiberg 
gneiss is a compound of orthoclase, quartz, and dark-coloured mica 
with a distinctly foliated structure, readily separating it into parallel 
tables. Both the red and grey gneiss may be divided into a number 
of subordinate varieties, and sometimes include strata of other 
micaceous rocks. The lodes, of which about 900 are known to 
exist in the Freiberg district, have, in accordance with the nature 
of their several veinstones, been classific<l as follows : — 

]. Noble Quartz, or Braiinsdorf Formation. 

2. Pyritic Lead Formation. 

3. Noble Lead, or Brand Formation. 

4. Barytic Lead, or Halsbriicke, Formation. 

B, V. Cotta regards this as being also very nearly the order of 
their respective ages, for, although there is little doubt that the 
veins first mentioned are the oldest, the difference in age between 
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1, 2, and 3, would appear to bo very slight; if not even somewhat 
variable. There cau be no doubt, however, that the baiytie for- 
mation is the most recent. In addition to the foregoing the so-called 
coi)per formation must not be omitted, althoiigli it can only be 
regarded as a modihcatioii of tlic pyritic lead formation in which 
copper ores liai^j^en locally to predominate. 

1. — The lodes of the Noble Quartz Formation consist principally 
of white quartz or hornstono, containing numerous fragments of 
country rock, from which the quartz frequently radiates as from a 
centre. The ores usually occur in geodes only, although, more 
rarely, they are found disseminated throughout the veinstone. 
They consist of very rich argentiferous minerals such as native 
silver, argentite, pyrargyrite, argentiferous inispickel, totrahedrib^ 
miargyrite, stephanite, and polybasitc. Blende, galena, and iron 
pyrites occur in very small quantities, as do also some other 
minerals, such as cah .s])ar, brown spar, heavy spar, and fluor spar, 
which crystallize in drusy cavitu‘s. In addition to tlu* foregoing, 
the following minerals are mentioned by v. Cotta as occurring in lodes 
belonging to this formation, namely: — (Jy])sinn, strontianite, pearl 
spar, diallogite, cerussito, metaxite, bypoeddorite, antimony (xdire, 
valentinito, geocronite, b<julang('rite, ziiudvimile, stibnite, kernu‘.sitc, 
heterornorphiti', bertbierite, buurnonite, co]){)cr ])yrit<‘S, millerite, 
pyrostilpnite, liinonite, spe(‘ular iron on*, and alaba-U(lit(;. 

Some of these lodes attain awidtii of sev(‘ii feet, and tlu* (juarlz, 
which forms tlje ])rincii»al porli<»n of the gangne, is always tinniy 
united to the c-ountiy rock. N(‘ar Bniunsdorf, wIku-c* the lodes of 
this class are most charaeteristically dcveIop(‘(l, tiny have been 
found workable only in the srhimrziii (hliryc, a black, bituminous 
schist; they are g(‘nerally barren in tlie ordinary mica schists. 
In the vicinity of Hiickendorl', on contrary, they are not 

unfrc(piently very rich in the grey gneiss. 

About JoO lodc'S lu'longing to this (dass are known to exist in 
the Freiberg distriid, among wliicb tlje following may be cited as 
being the most cliaraeb'ristic. The Yerlorene-Hotthung and Segen- 
Gottes lodes of the Ncue-iioffniing-GotteH Mine near Briiunsdorf ; 
the Peter and Neiigliick of tlni Aite-Hoffnung-Gottes Mirni at 
Klein voigtsberg ; the Wolfgang )r>do of the ►Segeii-Gottes Min(^ 
near Gersdorf ; the harder braiiidi of the Heinsberg-Gliick at the 
Emanuel Mine at Ileinsberg, the softer branch of that double lode 
belonging to the pyritic lead formation ; the Helmricli vein of the 
Romanus Mine near Siehenlehn ; and, finally, the Gottlieb Lode 
of the Gesegnete Bergmann.s Hoffnung at Obergruna. 
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lodes of the Pyritic Lead Formation contain various 
; sulphides enclosed in a quartzose gangue ; the principal 

jnetalltferous minerals being argentiferous galena, blende, iron and 
copper .pyrites, and mispickel. In some cases ores of copper so pre- 
ponderate as to give rise to what has been called the copper forma- 
rion. Eich silver ores, calc spar, heavy spar, fluor spar, &c., occur in 
very subordinate quantities only, and are usually found in the form 
of crystals lining the interior of drusy cavities, where they are 
evidently a more recent formation. The following other minerals, 
many of them of secondary origin, have been found in lodes belong- 
ing to this class. Hornstone, opal, gypsum, cerussite, pyromorphite, 
malacliite, azurite, tyrolite, pharmacosiderite, scorodite, pharma- 
colite, cobalt bloom, pitticite, copperas, nacrite, allophane, chlorite, 
chrysocolla, scheelite, atacamite, stilpnosiderite, lampadite, mela- 
conite, limonite, cuprite, specular iron ore, traces of cassiterite in 
blende, native silver, native copper, redruthite, stromeycrite, bour- 
nonite, polybasite, avgentite, freieslebenite, tetrahedrite, teniiantito, 
erubescite, pyrargyrite, and marcasite. The outcrops of such lodes 
are often much decomposed, and exhibit well-defined and abundant 
gossans. This formation is most extensively developed to the north- 
east of Freiberg, several lodes belonging to this class being worked 
in the Himmelfahrt Mine. Among the 300 lodes enumerated by 
V. Herder as belonging to this formation the following may be 
regarded as characteristic, namely, the Frisch-Gluck, Gottlob, 
Abraham, and Jung-David lodes of the Himmelfahrt Mine; the 
Laura and Abendstern of the Neuer Morgenstern Mine ; the Jung- 
Andreas of the Kronor Mine, and the Leander of the Alt- 
Mordgrube. 

As already stated, the so-called copper lodes arc merely a 
modification of the pyritic lead formation, containing, in association 
with quartz, various copper ores, such as copper pyrites, redruthite, 
erubescite, tetrahedrite, &c., and, as products of decomposition, 
malachite, azurite, cuprite, &c. The Gottlob, Franzer, and 
Heinrich lodes of the Morgenstern Mines are cited as examples of 
this modification. 

3. — The predominating gangue of the lodes belonging to the 
Noble Lead Formation consists principally of various carbonates, 
especially brown spar and diallogite, associated with quartz. The 
most important ore is galena, which is somewhat richer in silver 
than is that of the preceding formation, and often forms the middle 
layer of symmetrically formed lodes which, in addition, contain 
blende and iron pyrites. These are, more frequently than in the 
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pyritic lead formation, accompanied by rich silver ores such as 
pyrargyrite, argentite, native silver, stephanite, &c., and are 
associated with various minerals of less commercial importance. 
Among these may be mentioned hornstone, opal, fluor spar, gypsum, 
heavy spar, calc spar, pearl spar, spathic iron ore, cerussite, pyro- 
morphite, nacrite, cerargyrite, limonite, arsenious oxide, specular 
iron ore, rutile, pitch blende, arsenic, polybasite, acanthite, freies- 
lebenite, tetrahedrite, copper pyrites, mispickol, and realgar. 

Von Herder has enumerated about 340 veins as belonging to 
this formation, which are found chiefly in the neighbourhood of 
Brand and Erbisdorf. The Traugott, {\\ y \, Ludwig, Hiilh'-Gottes, 
and Gottholder lodes of the Beschert-Gluek Mine, and the F(ilix and 
David lodes of the Himmelsfiirst, are charaohu-iz.ed by the prt‘S('nce 
of diallogite and brown spar. On the otlu'r hand, the gjingm^ of 
the following lodes is more largely composed of quartz or si'Uii-opjil 
with proportionately little brown spar, namely, fhe Segen-Gottes, 
Benjamin, and Gescllschafts-Freude of the Einigkeit, and the 
Beschert-Gliick of the Himmelsfurst Mine. 

4. — Heavy spar forms the })redoininaf ing and cliaracteristic 
veinstone of the lodes of the Barytic Lead Formation, in which it 
is symmetrically arranged in parallel layers Inq^weiui which occur 
thin bands of galena, blende, pyrites, quartz, and floor s])ar. The 
centre of the lode sometimes contains Ijirge dj-usy c/jvities in which 
occur the above-mentioned minerals a.ssociatod with rich silver ores 
and various beautifully crystallized carbonates. In addition to the 
foregoing cliaracteristic minerals tin* lodes belonging to this class 
contain the following, namely ; agate, opal, gypsum, psiuidomorjilis 
after apatite, calc spar, pearl sj)ar, lirown sj)ar, spathic iron ore, 
cerussite, iiyromorpbite, erytbrine, nacrite, bt‘ryl, (‘hlonqial, cerargy- 
rite, limonite, specular iron ore, pitchblende, native silver, arsenic, 
bismuth, clausthalite, bournonitc, st(‘.plianite, polybasite, argentite, 
tetrahedrite, copper pyrites, cobaltine, sriialtine, copper-nickid, 
millerite, pyrostilpnite, pyrargyrite, and realgar. Portions of 
these lodes are not unfrequently found to have becomt*. brecciated 
through the repeated opening of the vein fissure, and fragments of 
comby veinstone which have thus become detached, have been re- 
united in positions very different from those which they originally 
occupied. A concentric banded structure, resulting in cockade ores^ 
is by no means unfrequent in those lodes, some of whicli are fis 
much as seven feet in width. The Halsbriickc vein may bo re- 
garded as the finest example of a vein belonging to this formation. 
Von Herder enumerates about 130 veins as being of this class. 

X 



These lodes, which are distributed in nearly parallel zones, have 
been classiHed by v. Beust^ into the four following groups, in 
accordance with the direction of their strike. 

a. The first group consists of a number of lodes whose strike 
is from north-east to south-west, with a nearly perpendicular 
dip, so" that the layers of gneiss, which are almost horizontal, are 
cut through nearly at right angles to their bedding. Their vein- 
stone belongs partly to the Noble Lead Formation and partly 
to the Pyritic Lead and Copper Formation. 

h. The strike of lodes belonging to the second group is nearly 
from north to south, and the dip is much less considerable than 
that of the lodes above described. They form two nearly parallel 
bands, the one south of Freiberg, between Striegis and the Three 
Crosses, and the other between the town of Freiberg and the River 
Mulde. The matrix of the more southerly group belongs princi- 
pally to the Noble Lead Formation, while that of the other, on the 
contrary, belongs to the Pyritic Lead Formation. Both of these in- 
tersect group a at acute angles, and give rise to a local enrichment 
of the ores. 

c. A third principal strike is from south-east to north-west ; the 
lodes coursing in this direction nearly all belong to the Pyritic Lead 
Formation, and are scattered over a considerable area between 
Langenau and Freiberg. On the south-west of Freiberg they dip, 
for the most part, towards the south-w^est, but on the north-cast of 
that town their dip, although almost perpendicular, is towards the 
north-east. They intersect and frequently displace the groups a and 
h, such intersection being often characterised by an increase in the 
richness of the ores. 

d. The fourth group, of which the strike is north-east and south- 
west, and the dip north-west, consists of lodes belonging to the 
Noble Quartz Formation, comprised within a band, fifteen miles in 
length and five in breadth, extending from Nossen and Oederan to 
the north-west of Freiberg. Although these lodes in their general 

^ V. Beust, Berg, und Biitt-enm. Zcituiig, 1881, p. 377. 
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direction resemble those of class a, they have a very different 
matrix, and their direction is somewhat more variable. 

In addition to the foregoing predominating directions of strike 
many of the lodes in the Freiberg district follow intermediate 
courses, and therefore cannot be classified under either of the ]>re- 
ceding groups. Isolated veins frequently occur towards tlie limit 
of the mining field, especially in the neighbourhood of Frauenstein, 
Ammelsdorf, Hockendorf, and Dippoldiswalde. Throughout tlio 
whole district the ground in tlie vicinity of the priucii)al lo<le- 
junctions has been that most extensively worki‘d. The wliole 
of the lodes in the district around Fr(.‘il)erg, with perhaps the 
exception of those belonging to the Barytic Lead Formation, 
appear to be in some way in connection with tlie dykes of cpiartz- 
porphyry which traverse tlie gneiss of this rc'gion, and are usually 
intersected by the lodes. Boulders of this porphyry are fouiul in the 
neighbouring upper while tulfs, apparently lesultiug 

from eruptions of the same rock, arc* found in the loW(*r liofJUufjrvf^cH 
of the same* district ; it is tlicuvfore probable that the* F]*c*i])(*rg lod<\s 
bedong, as a wholes to the* ]K‘rio(l of the up])er lu/flif ici/r/idcs. 

The deo])est sinking in the Freiberg district is at tlu* Abraham 
shaft at the Himim^Ifalirt Mim*, which is fathoms dec‘[) ; the 
average depth of the cjtlier shafts bcung about Kio fathoms. 

In the year 1881 the Freibcjrg district produc-ed tonnes 

of ore, wortli X211,221.^ The Himmelfahrt, tin* most important of 
the Freibc*rg mines, yi(ild(.‘d Kk285 toiin(‘S of silvc'r, lc*ad, a,nd (*o])})(u- 
ores, worth X()(),l]d, Tin* Himmelsfiir^t Minc^ at Biand ])ro(luc(*d 
(),613 tonnes of ore, worth X()I,l(i4. Tin* Vc‘i‘t*inigt-Feld Mine at 
Brand produced l,.82fl tonnes of orci, woiili X8,41)(>. 

Silver cjre was discovered at SehnecbcTg^ in 1410, liut tlui 
mines were not worked until 1471, when, owing to ricb dis- 
coveries having been made, mincjrs flocked in gr(‘at numbers from 
all sides in sucli a way that tbe new town on thci Schneeberg, 
in the course of a few years, nuinbcu’ed 12,000 iidiabitanls. The 
richest mine was the St. George whicli, in 1477, yielchid ore from 
which twenty tonnes of silver were obtained. 'Jdie yield of tlie 
Schneeberg must, in the first thirty years, have bc^en very large, 
and from tbe year 1471 to 1500 it is said to have yielded more 
than 160 tonnes of silver. In 1482, 160 mines v ere at work u])on 
the Schneeberg, and the ore obtained was smelted at Zwickau. 

^ Jahrbuchfiir dan Berg und Uiiltcnwesen irn Kbnigreiehe Sar/isen, 1883, ]*. 

* H. Muller, Cotta's Gangstudieiiy vol. iii. p. 1. 11. v. Cotta, “Die Lehre voij uen 
Erzlagerstatten,” vol. ii. p 46. Jahrbuch fiir das Berg und IJfdfcnvy^en im Kbnnj- 
vi’iche SachscUf 1883, p. 67. 

X 2 
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The yiel<l of silver, however, rapidly decreased during the sixteenth 
century, and the ]>roduction is now insignificant. On the other 
hand, the mining of cobalt ores, whicli were discovered in 1561, 
still continues io be of some im])ortance. 

The 8chneeberg consists of large masses of granite surrounded 
by mica scdiists and clay slate.s. The lodes usually occur in these 
rtwks, but are more rarely found in granite, tlicir strike being so 
variable as result in a perfect network of vidns. According to 
their composition and relative ages H. Muller distinguished: — 
1. Cupper ore veins. 2. Quartz veins destitute of ore. 3. Pyritic 
Icai! veins. 4. Darytic veins. 5. Cobalt veins. 6. Iron ore veins. 


(C) The cop|H?r veins strike N. 15"* to 60° E., dip to north-west, 
mid contain quartz with Ci>pper p 3 ^rites, eruhescite, fahlerz, &c., 
mid iNinietimes galena, blende, iron pyrites, and arsenical pyrites. 
(2.) HiO quartz veins strike from N. 60° to 75° E., dip from 45 to 
80” nortJj-west, and very rarely contain ores. (3.) The pyritic lead 
veins strike from Borth-west to south-east, and dip to south-west ; 
they contain quartz, pyrites, blende, and galena. (4.) Ihe ba^ic 
veins yielded, in the fifteenth and sixteenth centuries, astonishing 
riches in silver ore. They strike from north to south, dip at a 
considerable angle, and contain heavy spar, fluor spar, calc spar, 
quartz, silver, lead, cobalt, nickel, and bismuth ores. (50 At 
Schneeberg the cobalt veins are now the most important. Th y 
L nearly 150 in number, and their direction is very various 
These veins contain quartz, homstone, with, more rarely, c c 
and brown spar, also cobaltine, native bismuth, iron pyrites, 
galena, pyrargyrite. native silver, and various other imnerd^ 
some of which, particularly ores of uranium, arc rare. (6 ) T e 
iron lodes sometimes attain a thickness of ninety feet, and are 
filled with hornstone, quartz, amethyst, compact hsematite, and 
brown and yellow iron ores. The veins occur on the borders of 
the granite or poiyhyry and the crystalline slates. Similar lodes 
occur at Maricnberg, Annaberg, Joachimsthal, Johanngeoipn- 
stadt, and other localities in the Erzgebirge. A. v. Groddeck 
considers these lodes as typical examples of veins which contain 
cobalt and nickel ore, rich silver ores, various gangues, and 

numerous subordinate minerals. , j • 

The Schneeherg mines during the year 1881 produced in 
the airoregate 158 tonnes of niekel and cohalt ores of the 
total value of £5,902, together with 1,315 tonnes of silver ore 
and 59 tonnes of bismuth ore, worth £.3,292 and £16,933 
respectively. 
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Mining was commenced at Marienberg^ in 1521, on a ]>latoau 
of gneiss lying between flic Bockan, tlio ScldetU-u, and tlio 
Zschopau rivulets. This gneiss is traversed by veins containing 
silver and tin ores, which vary in A\idth from two to thirty inches, 
«and which traverse one anotlier in such a way as to form a compli- 
cated network. About 140 silver veins are known at ^larienbei g, 
of which the gangue consists of decom})Osed gneiss, clay, (pi art z, 
tluor spar, and heavy spar, which, in addition to sarious ores of 
silver, contain copper ores, galena, blench', and orc's of cobalt and 
nickel. The tin veins, which were formerly worked chiefly in tlie 
Martersberg and Wildesberg, are essentially com]u)S(‘d of cpiartz 
and clay in which oxide of tin is .sparingly dis.sc'ininatc'd. At tlu' 
end of the seventeenth century about tw'enty-tiv(‘ tomu's of t.in 
were annually produced at Marienberg ; in tlu', middh' of the last 
century the annual production w'as only 15 tonnes, from wliich 
time up to 1850, Avlien operations were sus})ended, the jwodiu't.ion 
did not exceed 10 tonnes per annum. No tin w^as produced in 
1881, but 111 tonnes of silver ore, wortli £7,G49, were obtained 
from the Vater Abraham Mine at Marienberg. 

Near Annaberg the gneiss of the Piihlberg is frequently 
broken through by basalt, by which rock in some ])laces it is also 
overlain. Sevc^ral silver veins occur in this locality, and many of 
them have been extensively wwked. Tlio lodes, of which the 
strike is nearly east and west, are usually only a few inclios in 
thickness, and have a gangue composed of quartz and fluor spar, 
with occasionally a little heavy sjiar. In these veins are found 
native silver, pyrargyrite, and argentitc, togetlu r with on^s of 
cobalt, nickel, and cojiper. Nuiiu'rou.s remains of ancient tin- 
streams may still be traced in the wooded district south of 
Annaberg. 

The Schwarzenberg district^ consists chiefly of iriica scliisls 
through wliich protrude various masses c4‘ granite which arc 
generally surrounded by gneiss, and are frequently traversed 
by greenstones and by other eruptive rocks. The ore dejiosits of 
this region, now of comparatively small commercial irnjiortance, 
consist of bed -like veins associated with greenstones, and con- 
taining small quantities of many different ores, and of various 
lodes of haematite. 

^ H. Miiller, Cotta's GangsHidicn, vol. iii. 290. Jakrhuck filr das Berg und 
HUttcnwesen im Kbnigreichc hiachsen^ 1 883, p 34. t i, i 

* Oppe, Corn's Gangstudien, vol, ii. p. 182. B. v. Cotta, ‘‘Die 
Erzlagerstiitten,” 2nd ed. vol. ii. p. 37. Jahrhnch fiir das Berg urd Kiittenmsen^ 
1883, p. 67. 
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In the neighbourhood of Johanngeorgenstadt and Eibenstock 
there are numerous veins and branches, chiefly in the granite, con- 
taining iron ores with a little oxide of tin, while in tlie mica 
schist of tfie Fastenberg tliere are veins containing silver and 
cobalt. The strike of the tin lodes is very variable and their dip 
in every way irrogulnr ; their filling closely resembles granite, and 
tin ore, when present, generally occurs either in pockets or in 
ribbons. In addition to ores of iron and tin these veins contain 
many subordinate minerals, including wolfram and molybdenite, 
with occasionally galena and native gold. In the vicinity of mettil- 
liferous greenstones the veins of this district contain ores of silver, 
cobalt, and bismuth. 

The lodes producing iron ores sometimes occur singly, but arc 
at others associated in groups, one of the most important of 
which intersects the mass of granite a little east of the town of 
Eibenstock. They also fre([iiently occur as contact deposits between 
granite and mica schist, and are more numerous in the granite than 
in the latter rock, which they, however, sometimes follow along its 
line of strike. As suhordinato minerals tliese veins contain various 
ores of copper and bismuth, and in 1834 scams of anthracite, some- 
times as much as five indices in thickness, were found extending for 
a distance of nearly forty feet in a lod(^ of haunatite at th(3 Lorenz 
Mine, at Rchhiihel. The lode at this ]>oint consisted principally of 
fragments of granite, schist, (piartz, hornstone, See., embedded in 
clay, and the aiitliradte a])pears to lia,ve been derived from the 
adjoining mica schist which, locally, contains seams of coaly matter, 
fragments of whii^h had fallen into the vein-fissure, together with 
pieces of the country rocks. The texture of those lodes is irregular 
and granular, and they seldom show any indication of a corahy 
structure ; the wall rock is often strongly im])regnated with iron 
for a great breadth on either side of the vein. 

In the year 1881 the Johan ngeorgens tad t mines produced 
tonnes of bismutli or(‘, worth £1,933, this being the sum of the 
production of five different mines. 

The tin-producing district of Altenbcrg and Zinwald^ is 
situated in the Saxon Erzgebirge, between Freiberg and Teplitz. 

Tin was discovered at Altenbcrg in 1458, and for a number of 
years from 250 to 300 tonnes of metallic tin were produced 
annually. The production from 1510 to 1523 was, on an average, 
175 tonnes of tin per annum. This decreased about the middle of 
the sixteenth century to only 100 tonnes. The Altenberg tin 
1 H. Muller, Berg, undHuttenm. Zeit, 18615, p. 178 ; E. Reyer, ‘‘Zinn," 1881, p. 6. 
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stockwork is a peculiar mass of granite continuing to an unknown 
depth, surrounded by quartz>porphyry, granitic porphyry, and 
granite. The technically important part of the deposit is the 
ZwittcT or stockwork-porphyry which is a dark-coloured rock 
consisting of quartz, mi(‘a, and finely divided tinstone ; in addition 
to these, arsenical pyrites, copper pyrites, iron pyrites, iron glancH^, 
wolfram, native bismuth, fiuor spar, and other rarer minerals are 
found in veins. As there is neither a felsitic ground-mass, 
nor are any large crystals separated out, the name SfMchrerks-- 
porphyr used by the miners is pcdrographically unsuitable, and the 
name Z uniter (tin stufi") is to be preferrcid. This rock is said to yield 
from -i to per cent, of tin ore, and is traviused in all directions 
by quartz veins, which contain, in addition to the minerals of the 
ZiVitier, molybdeiiitt^, bismuth glance, &c. 'J’hey filso contain red 
clays, quartz, and a little tin ore. The wall n)ck, wln^thcu’ cousist- 
ing of granite, syenite, porphyry, or otluT material, is always 
stannifcirous. These veins, often rtiaching a thickness of four 
inches, dip at a great angle, and form gr()U])s which traverse the 
stockwork and reach the adjacemt por])hyries and granites, where 
they are worked as isoIat(‘d ]od(5S. 

Th(‘ juoduction of the Altenberg and Zirmwald districts in 1880 
ainount(.‘d in valiu' to £17,000. This includ<Kl tin ore to the value 
of £0,105 from two min(‘s at Altenberg, and till or(i worth £53 
from a mine at Zinnvvald; the remainder princi])ally consisted of 
iron ores. 

Geyer and Ehnmfriedersdorf in Saxony, with l^latton in Bohemia, 
constitute the second tin distric t of centraJ Eurojx^ Tin ores Inu'tj 
occur not only in granite, but also in fissures in the ad jacent slates. 
The stockwork of Gey(T r<‘seml)les that of Altrnherg, b(dng an 
irregular conical mass of granit(‘. with an elli])soidal base, enclosed 
in gneiss and mica schists. In tlui granite tb(;re are innumerable 
veins, varying from inch to 4 inches in thickrujss, which form 
nineteen distinct groups striking Is. 45'" to 00'^ E. and dipping 
from lif to <S0° towards the noith-west. Tlicy continue into the 
adjacent gneiss and mica schists, with the same strike and dip. 
The veins contain principally quartz, with tinstone, arsenical 
pyrites, beryl, topaz, apatite, and fiuor S 2 )ar. Manes ^ has cal- 
culated that tlie Geyer mines produced, during the period from 
1400 to 1778, 0,730 tonnes of metallic tin. No tin ore w'as 
raised at Geyer in 1880, Ehrenfriedersdorf produced, during the 
period from 1490 to 1497, from 00 to 90 tonnes of tin p(^r 

^ Maijcs, Ann. dps 1824, p. 288. 
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annum, and, from 1507 to 1520, 50 to GO tonnes were annually 
produced. In 1G95, G8 tonnes were produced, and at the begin- 
ning of the last century from 180 to 200 tonnes of tin were annually 
raised ; in 1770 the yield was only 60 tonnes. At the end of the 
eighteenth century the production decreased to 25 tonnes, and 
continued between 10 and 20 tonnes until tlie mine was closed 
in 1870. 

The production of iron ores in the Erzgebirge is very 
small. ^ During the year 1881, the Neiie Silberhoffnung Mine 
ill Sehwarzenberg produced 1,380 tonnes of iron ore worth £835, 
and the Rother Adler 3,G08 tonnes of iron ore worth £2,128. 
In the Fichtelgcbirge, between Steiin, near Zwickau, and Christ- 
griin, iron ores occur in association with diabase and siliceous 
slates. In 1881 the FriscliglUck Mine at Steim yielded 599 
tonnes of iron ore wcjrtl) £239, the other mines in the district 
producing notljing. 

The value of the total production in Saxony of ores of every 
description, during the year 1881 amounted to £273,691. 

Silesia.^ — About the beginning of the twelfth century, gold 
mining was commenced with great success at Goldberg, while 
copper mining at Kupferberg and Rudolstadt, and iron mining near 
Schmiedeberg were begun at nearly the same time. Agricola 
mentions the mines of Reichenstein and Altenbcrg, where a grey 
pyrites was smelted for gold and silver. In Upper Silesia the 
oldest mining was for lead ores at Scharley, Dornbrowka, and 
Reuthen; it was commenced in the twelfth century, but was 
abandoned in 1363 on account of the increasing quantities of 
water. Mining was resumed in 1526 at Tarnowitz, where it was 
still flourishing in 1552, and in spite of the plague of that year, 
the mines of the district yielded no less than 5,000 marks of fine 
silver and 650 tonnes of lead. This industry was finally stopped 
by the Thirty Years’ War, and was only partially resumed in 1784. 
In 1860 lead mining was re-commenced at Beuthen, and in 1881 
Upper Silesia produced no less than 21,084 tonnes of argentiferous 
lead ores, representing a value of £154,617.® 

Calamine mining at Beuthen, on which the present important 
zinc industry of Silesia is chiefly founded, is of much more recent 
date. In 1560, calamine was mined, roasted, and sent to Holstein 
and Sweden for the direct manufacture of brass. This industry first 

1 Jahrhuchfur das Berg, und Huttenwesen im K^nigreulie Sachsen, 1883, p. 44. 

* v. Carnal], Zeitschr, Berg. Hiltt. Salirienw, vol. i. 1853, p. 3. Pietsch, Ibid. 
vol. xxi. 1873, p. 292. 3 1882, p. 182. 
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became important about the close of the eighteenth century, and 
in 1792 produced 900 tonnes of calamine. Upper Silesia 
yielded in 18vSl, from fifty mines, 553,487 tonnes of zinc ore, 
representing a value of £357,307, and gave employment to 9,587 
workmen.^ 

The elevated plateau of Upper Silesia bordering, towards tlie 
east, on Russian Poland, is covered, superficially, by deposits of 
alluvium, beneath which various older formations occur in the 
following order, and usually without interruption: — 

1. Tertiary. 

2. Cretaceous. 

3. Jurassic. 

Keupcr Sandstone with beds of clay 
ironstone. 

4. Triassic Miischclkalk^ accompanied by deposits of 

zinc, lead, and iron ores. 

Bu liter Sandsl.on(\ 

5. Carboniferous rocks containing beds of sjiliaTosiderite. 

These formations extend into Poland. 

The most im])ortant metalliferous ores of l^])})er Silesia arc* 
calamine, galena, and iron ores in the Mundiclhi.lk ; ironstones in 
the Kcuper, and spha^rosiderite in the Carboniferous formation. 

In Upper Silesia, and in Poland, the dcijKisits containing zinc 
and lead ores <are enclosed in beds of the lower Mnschelkalk, 
Brown iron ore forms irr(*gular beds and lu^sts in tlie lim(\ston(‘S 
and dolomites of the lower M nackelkalky and with it ar(i found ores 
of zinc. The most im])ortant zinc ore d(‘])osits occur in dolomites 
which have been deposited in troughs in the So/fle/ikulkstcm or lloor- 
limestone of the lower Muschdkalk, and extend from Tarnowitz in 
an east-south-east direction through Beuthen into Poland. The 
upper Silesian zinc ores consist partly of carbonate*, and silicate of 
zinc, with compact blende, but principally of zinciferous brown 
ironstone, zinciferous dolomite containing iron, ‘*red calamine,'' 
and of zinciferous clays and floor limestone known as white 
calamine." In these deposits the white calamine usually forms the 
lower bed, and red calamine the upper. Galena occurs, some- 
times in the form of grains in the dolomite, sometimes as strings, 
and at others as seam-like deposits either at the junction of the 
floor-limestone and dolomite or immediately above. The thickness 
of this bed is not usually more than inch, but in places 
it increases to 2 feet 4 inches. It is somewhat difficult to 

^ Zcitschr. Berg, IlUtt. Salinenw. vol. xxx. 1882, p. 17(). 
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account for the origin of the zinc in these deposits, but Runge ^ is 
inclined to believe that the calamine is the result of the solution 
and concentration of finely divided zinc ores originally disseminated 
in the dolomite. The fact that the masses of calamine change 
into compact blende as the depth increases also suggests that the 
ore originally deposited was blende, which has subsequently become 
converted into calamine. 

At the calamine liiine of Ciicilo in Upper Silesia the transition 
of compact blende into calamine has been repeatedly observed. 
This miiKi, to a depth of 25 fathoms, had yielded calamine only, 
while 6 fathoms deeper the ore bod was found to have an altered 
character, consisting, to a thickness of from G to 9 feet, of calamine, 
which was traversed by numerous strings of blende, and contained 
large masses of this mineral whicb often enclosed fragments of 
galena. Many s])ecimens of ore exliibited a kernel of blende with 
an external cov(iring of cnlamine. In 18(S1 this mine produced 
3(),789 tonnes of cal;unin(‘, <S,454 tonnes of blende, and 2,3C9 tonnes 
of lead ore. In the Samuelsgliick Mines at Oross-Dombrowka, in 
the None Helene Mines at Scliarh^y, and the Marie at Miechowitz, 
beds of blende, 9 feet in thiekn(‘ss, have Ixien discovered. 

At the Friedrich Mine at Tarnowitz the galena deposits 
consist of many irrc'gular bunches of ore, and the Tarnowitz miner 
also distinguishes a hard- and a soft-ore bed. The luird-ore bed is 
formed eitlier of comj)act galena, usually under an inch in thick- 
ness, but sometimes swelling out to above 2 feed,, or of hard 
dolomite containing fissures filled witli compact galena. Whore the 
soft-ore bed, which varies in thickness from 10 inches to 2 feet, 
occurs, the dolomite is divided into separate rounded blocks, 
between which is found a yellowish or brownish iron ochre, whicb 
contains galena in irregular lumps, plates, or crystals ; in such cases 
the dolomite itself losc's its light colour and becomes brown. A 
bed of brown iron ore is frequently found above the soft-ore bed. 
Tlie brown colour of the dolomite, and the formation of the 
fissures occurring in it, are, without doubt, both due to the same 
cause, namely, the partial solution and alteration of the rock ; 
the iron ochre and the brown iron ore being residua from this 
process of decomposition. The soft-ore bed sometimes appears in 
another form, namely, as an oehreoiis or bituminous clay with 
enclosures of galena, as in the Trockenberg and some other 
districts. The galena is often accompanied by cerussite, anglesite, 
tarnowitzite, and heavy spar, the latter mineral having been found 
^ Rimge and Rciiner, “Geologie von Oherschlesien, ” 1870, p. .545, 
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only in a trial shaft at Stolarzowitz in beds of from 2J to 4 inches 
in thickness above the floor-limestone. This heavy spar contained 
galena, and was in places much disintegrated and decoiuposed. 
At the Friedrich Mine a second lead -ore bed is known, ten to 
fifteen fathoms above that described ; it is, howiwer, much more 
irregularly developed. 

Altogether about 40 zinc mines were working in 1881, of 
which 25 produced more than 2,000 tonnes of zinc, 18 more tlian 
5,000 tonnes, 12 more than 125,000 tonnes, 8 more tlian »S5,000 
tonnes, 2 more tlian 50,000 tonnes, and 1 more than 100,000 
tonnes. 9,58() workmen were employed in tlnse mines, of wliom 
5,044 worked underground. 

Tlie production of zinc and leads ores at tlui most imjiortant 
mines in Upper Silesia was in 1881 as follows — 


NniJie. 

Calainini*. 


1j( U(] On 


Tonnes. 

Toimos. 

Tonni'K. 

10 (at . . 

116,7.54 

24,721 

.5,287 

Soharley 

5.5,(540 


29;5 

liloiscliurt'y 

a 1,8.57 

16,861 

1,927 

Sanuiolsi^luok 

12,(517 

a:5,7;56 

968 

Ouoilo 

;i(5,7K9 

8,4.51 

2,6:59 

Mario 

18,789 

.5,78] 

2,2:5!> 

El Isabel h 

19,491 

i 

48 


In 1881 the total production of zinc and lt\ad or('s was, 
calamine 458,087 tonnes, bhmdo 00,800 tonnes; total 558,487 
tonnes, value £807,807; lead ore 21,084 tonnes, value £154,()17. 
In Silesia in 1881 tliere was tme coy)per mine, Stilles Glihik at 
Jauer ; this produced 7,584 tonnes of coppcT ore worth £2,054. 
From the zinc mines of Tarnowitz in 1881, 12,008 tonnes of 
brown iron ore worth £2,215 were ])roduei‘d, and from the zinc 
mines of Beutlnm 15,004 tonnes of brown iron ore worth £8,800. 

The total produce of iron ores in Sih;sia, i,e. Ob(‘rhergamtshezirk 
Breslau, was in 1881 as follows : — ^ 


DeHcriptinn of Ore 

Quantities. 

Value. 

Clay, brown iron ores of Tertijiry, .Jurassic and Konper ago 

Brown iron ores of tbo Musc.hcfkaJk 

Clay ironstone and s])huirosiderit(i of tlio Coal-iiieasiiros. . 
Bog iron ore I 

Totals .... 

Tonnes. 

2, .‘561 
746,612 
1.5,0.31 
475 

£ 

640 

127,012 

4,945 

47 

704,47!) ! 

( 

132,044 


^ Zeitschr, Brrg, Butt. SaUnenw, vol. xxx. 1882, p. 176. 
2 Ihid. vol. xxx. 1882, p. 157. 
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General Summary of the Production of Metalliferous Minerals in the 
German Empire, inclusive of Luxembourg, during the Year 1881.^ 


Description of Ore, 

Quunliiics, 

Values. 

Iron ore 

Tonnes. 

Marks. 

£ 

7,573,771 

36,085,533 

1,804,277 

Till ore 

164 

230,293 

11,515 

716,495 

0o2)perore 

623,696 

164,770 

14,329,898 

JjCiiid ore 

19,240,334 

962,017 

Zinc ore 

669,530 

9,594,411 

479,721 

Iron pyrites 

125,067 

1,279,366 

63,968 

*Silver and Gold ores . . 

26,787 

4,275,437 

213,772 

Manganese ore 

13,642 

470,690 

23,534 

Cobalt ore 

191 

260,111 

13,005 

Miekcl ore 

6 

1,933 

97 

Antimony ore ... 

77 

16,702 

835 

Arseni e ore 

867 

45,430 

2,271 

Bismuth ore 

67 

245,710 

12,285 

Uranium ore 

3 ! 

10,278 

514 

Wolfram • 

44 1 

1 2,959 

648 

Vitriol ores ' 

21,018 { 

49,433 

2,472 

'total valiK^ of Metalliferous Minerals \ | 
jR'odue.ed in 1881 ] ’ 

86,148,518 

4,307,426 


THE AUSTRO-HUNGARIAN MONARCHY. 

Austria. 

The Austrian Empire is rich in minerals of commercial 
value, and with respect to their great variety is not surpassed 
by any country in Europe. Gold, in notable quantities, is 
found in Hungary and Transylvania, silver occurs in the same 
countries and in Bohemia, while quicksilver, which is almost 
exclusively confined to Idria in Carniola, occurs also in small 
quantities in Hungary as one of the constituents of a mercurial 
tetrahedrite. Przibram in Bohemia and Villach in Carinthia pro- 
duce lead ores ; copper ore is found chiefly in Salzburg, and iron 
ores are mined in Western Galicia, Carinthia, Carniola, the Tyrol 
and Styria. Tin ore is obtained only at one or two places in 
Bohemia. 

Bohemia, — Both gold mining and iron mining were ex- 
tensively carried on in Bohemia previous to the Roman period, 

^ From the Monatshefte fiir die Statidik des DeuUehen Reicht, vol. x, 1882, p. 1. 
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one of the most important of the ancient gold mines having been 
situated at Eule, about ten English miles south of Prague. This 
mine, which is known to have been in operation in 734, is said to 
have yielded in one year one and a half million ducats of gold, and 
in 1145 produced twenty-four owts. of this iiu*tal. Silver mining 
began on the Birkenberg near Przibram, in (Neutral Bohemia, in 843, 
where the workings are at the present time the deepest in the world. 
At Mies, near Pilsen, silver and lead were miiu'd previous to the 
year 1100, and in 1131 the town itself was founded. The mines 
were abandoned during the Thirty Years’ War, but were resumed 
in lODG, and continue in operation to the present time. The silver 
mines at Iglau, Nellizau, and Eylan, were iirsb opemul in 1100. 
In consequence of the religious wars during ilui fifleenth and 
sixteenth centuries, mining was, to a larg(^ extent, abandoned, and 
many miners removc^d to the Erzgebirge where, at Uraupcai, (Jeyor, 
Altenherg, Zirmwald, &c., tin ()r(‘S had been discovered. Alin- 
ing for lead and silver at donchimstlial tlourish(',d at the be- 
ginning of the sixteenth eentury, and, in 151(1, (S,000 miners WTre 
employed there. In the year 1518 a mint was e‘ree(c‘d in which tlie 
first aftervv\‘irdscalle(l thaler, wlnuice the word dollar, 

was struck. Tlie ju'oduction of the Joachimstlnd mim'S from 1516 
to 1534 was more tluin 2,333,000 thalers, hut h(‘re, as in the district 
generally, mining was for a time abandoned on account of the Thirty 
Years’ War. Many of the mines were re-opened in 1700, and liavo 
continued in o])eration, witii more or h‘S8 smutess, to the present 
time. A co[)per miiKi, whieh in 161() <*nj]>loy(*d 2,000 niimu’s, was 
formerly worked at Grasslitz, but was abandoiKjd a,i the end of the 
eighteenth century and has not since been re-opcuuid. 

Tlie town of Przibram^ is situated thirty-one. English miles 
south-east of Prague., u])ou a plateau varying from 1,650 to 1,950 
feet above the Adriatic, whicli is traversed hy various chains 
of hills of comparatively inconsiderable eU;vation. There are no 
documents to show when mining operations first commenced at 
Przibram, but according to n^jords j)reservcd in the municij)al 
archives a concession to re-open the mines was granted in 1527, 
since which period they have been continuously worked with vary- 
ing degrees of activity and success. 

The metalliferous deposits of this district occur in the form of 
veins enclosed in the lower beds of tlie Silurian formation of 

^ “ Notice BUT quclques-iines des Principalcs Mines de. L’Jiiat Autriehien,^| 
Paris, 1878 ; p. 5. “ Bericht u}>er die Thiitigkeit des k. k. Ackerbau Ministeriums/* 
Ocslerr. Zeitschr. vol. xxix. 1881, jj. 553. 
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Bohemia; V^tage A of Barrande. The rocks are, for the most 
part, sandstones, quartzites, conglomerates, and schists, hounded on 
the east and west by granite and by a narrow band of clay slates 
belonging to Vdtage A. The schists of V4tage B rest conformably 
upon the older slates, and above them come the sandstones of the 
grauwacke, which in their turn arc covered by grauwacke slates of 
a mean thickness of about 3,250 feet. Above the grauwacke lie the 
sandstone and quartzite forming the extreme limit of the metalli- 
ferous group. All these beds have a strike of north 60° to 75° 
east ; and between the sandstone and the slates of Vitaga B, to the 
west of Przibram and Birkenberg, there is a fault, containing clay, a 
few inches only in width, which causes an extensive displacement of 
tlie strata; its direction, which is very constant, is N. 56° E.^ 
and its dij) 79° north. 

Th(i Lower Silurian rocks are traversed b}^ dykes of diorite, and by 
numerous metalliferous veins which are capped with gossan and, at 
depths below fifty fathoms, consist to a considerable extent of argenti- 
ferous galena. The thickness of the veins varies from 1 inch to 
19| leet, and nearly the whole of those which are extensively worked 
appear in the grauwacke ; several of them thin out and become 
impoverished on reaeliing grauwackes of greater tenacity near 
the surface, others, on the contrary, become richer in the 
vicinity of their outcrops, or where a change in the country rock 
takes place. Some of the v(‘ins cross the fault Jibove referred to, 
and have been recognised in the schists at a great distance on the 
other side. 

In addition to galena the veins contain blende, which is poor in 
silver, si)athic iron ore, calcite, pyrargyrite, and tetrahedrite, while 
argentite and native silver are but rarely found. The galena 
occurs in veins, branches, and lenticular masses, or is disseminated 
through the compact quartzose ganguc. Many of the veins have 
been explored for great distances, both on their strike and on their 
dip, without showing any decrease in richness or variation in the 
gangue. ; in fact, as a general rule, the width of the veins and the 
proportion of silver in the galena increase with the depth attained. 
The longitudinal extension of the Przibram mining area is 4,550 
fathoms, the breadth 2,380 fathoms, and the greatest depth yet 
attained 570 fathoms. In this concession nineteen shafts are now at 
work, of which the two deepest are the Adalbert with a depth of 
557 fathoms, and the Maria shaft with a depth of 570 fathoms. 
The underground workings communicate with the great drainage 
tunnel ‘‘Joseph II.,’' which is 13^ miles in length and 1,360 feet 
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nbove the sea level; the total length of the galleries in these mines 
exceeds 152 miles. 

The production of ores at Przibram from 187G to IS81 was as 



Tht^ numb(;r of workiium emj)loye(l in 1880 was 5,450. 

Tlie veinstone of tim lodes wliich occur in the gneiss at 
Kuttenberg ^ is composed of rpnirtz, felspar, and calc spar. The 
mines were \vork(‘d so early as 1237 and yiidd tlu^ following 
minerals, namely, iroii ])yrit(‘S, arsenical pyriO's, .and l)lcndo, .all 
containing silvta*, as wadi as argtaitiferous ga.haui, co])per ])yrit(‘s, 
and various silv(‘r on^s. Mining was resumed a. few y(.‘ars since in 
ord(U- to supply tlieUrzibnim simdting-works with {»yrit.(‘s, whicdi is 
recpiired in the treatujent of some (d* the ]>oorer inat(;ria.l. Through 
the Skalk.a shaft, which was only 23 fathoms (le(']> in 1877, and 102 
in 1880, three j)roductive iodijs .an* worked. Tli(iS(* v<diis, whicdi 
are for the most part tolerably wd<l(*, are in j)la,ct‘S mmdi [)inc)i(Ml, 
but hitherto tlic productiveness of the* mine lias irnreased with its 
depth. In 1881, sevc'uty-six men w'cre (‘n)pl<;yc*(l, and 823 tonnes of 
pyrites, worth £1,234, were producaai.^ 

The Frischgllickzocdie lead lode .at Mi(‘S^ is the ri(di(‘st 
in that district, and there are hut f()W which in addition to haw) ores 
proper contain such a variety of otlier minerals. This lode, in 
common wdth all the others occurring in (day slate in the neighbour- 
hood of Mies, has a general strike in the direction of 30'' east of 
south and dips from 55° to 80° towards the west. In thickness it 
varies from a mere thread to eighteen feet and, with a quartzose 
gangue, contains galena, cerussite, pyrornorphite, blonde, iron 

^ Oesierr, Zcitsch. vol. xxix. 1881, p. 555. 

- Statistwches Jahrhuch dcs k. k. Ackerhau MirmteriunbB^ p. Cl, Vienna, 
1882. 

^ J. SchTDUck, Otslcrr. Zeifschr. vol. xxx. 1882, p. 282. S/ahBliftr/irs Jahrlnich 
dca k, k. Ackerbau Minwterm^m, VieiiDa, 1882. 
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pyrites, and barytes. Drusy cavities of various sizes frequently 
occur in this vein, and the walls of tliese are often covered with 
crystals of quartz and galena, and with those of cerussite, barytes, 
and blende ; faultings of the lode are very rare. 

In 1881 there were three mines working at Mies ; these 
employed 510 workmen, and produced 2,370 tonnes of lead ore 
worth £19,504, and 322 tonnes of galena, with *65 per cent, of 
silver, worth £3,247. 

The quaint little town of JoachimstliaP lies on the southern 
slope of the Bohemian Erzgebirge, in a ravine of which the direc- 
tion is nearly north and south. Mining is believed to have com- 
menced in this locality during the first years of the fifteenth 
century, and in 1517 the number of miners is stated to have 
been 8,000 and the town contained no less than 20,000 souls. 
During the wars of the seventeenth century the production 
declined rapidly from an average yield of twenty-two tonnes of 
silver, during the first eighty years, to a mean of 96,500 oz., at 
which it has remained nearly stationary from the year 1595 to tlie 
present day. 

The country rocks of the neighbourhood of Joachimsthal are 
for the most part mica schists enclosed between masses of granite. 
In the eastern portion of the mine, where there are some masses of 
included limestone, the lodes usually carry calcite as the pre- 
dominating veinstone ; but in the western part, where the veins arc 
not unfrcquently associated with dykes of j^orphyry, the gangue is 
almost entirely quartzose. There are seventeen veins striking north 
and south, and seventeen others of which the direction is cast and 
west. It has been constantly observed that the former exhibit a 
tendency to become enriched where they pass through the porphyry 
or included limestone, while the latter set of veins are not similarly 
affected when they come in contact with these rocks. The ores 
raised contain silver, cobalt, nickel, bismuth, and uranium. In 
the eastern divison of the mine there are two shafts situated 
about 260 fathoms apart; the Einigkeit’s shaft is 270 fathoms in 
depth, and the Kaiser Josef Shaft 180 fathoms deep. 

The average annual production of ore of the eastern 
division during the period from 1877 to 1880 was 29 J tonnes 
of ore containing 4,497 oz. silver, 198 lbs. bismuth, 878 lbs. of 
uranic oxide, IJ tonnes of arsenic, and 314 lbs. of cobalt and 
nickel, with a little lead ; representing a total value of £1,687. 

^ “Principales Mines deL’IltatAutrichien,” Paris, 1878, p. 15. Oeat. Zeii, 1881, 
p. 543. 
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The veins in the \Yestern division, ol‘ wliii-h the most, im- 
portant is the Geister Lode, are worked tliron^h two shafts, the 
Werner, 230 fathoms deep, and the iiudined Elias Shaft of 
01 fathoms on the incline, or 72.’ fatlioms perpendicular 
depth. 

At Schlackoinvahl,^ near Carlshad, in 'North-western ]>i»li('mia, 
is found the continuation of the granitic outburst, in wlfu*h 
is situated tli(‘ tin district of the wesh‘i-n Erzj»-el)ire'e. Jhit 
while the granites and slates in the latter district are much 
twisted and contorted, those of N<a*t]i-west(‘rn Lolu'mia are nearly 
horizontal. Tlie slates by which the granite was lojamuiy covcTcd 
ha^e, for the most part, bevn removi'd by erosion, but in ihc Schlack- 
cuiwald district, wliere the (‘utire system has betui pri‘ss(Ml into tin* 
form of a deep trough, the static still ret.ains a considerabh* Ihick- 
ru‘ss. In the southern ])ortion of this districi',, at Sch(»nleld, tlu^ 
granite, adjacc*nt to tlu^ slate, consists cut indy of a, gr(‘is<‘n (‘xactly 
r(*s(‘mbling the rocks of Zi?jnwald, and mining Avas h(T<‘ fornua’ly 
carried on witli consitlerahh* activity; hut two small (‘t)ni(*a,l 
masses of granit(‘ noi'th of 8chr>nfeJd and b(‘1w('(‘n that place* 
and Schlackcmwald, Avm’e (‘V<u) still riche r. Of (he* smallta* e>t‘ 
these Tje)thing is now known, since* it lias not bee n workeel 
in moeh'rn times ; the* granite* e)f t.he larger mass has, how- 
e‘ve‘r, bee‘n e’ontinuously mine'e! for many e'ent^uih's, first hy tire*- 
se.tting, and afte*rware]s by blast ing. Knormeais e-avities were* in 
this way fornu'd until at la.>t tbe* rock e*nishe'e] and the^ milieu 
e'avenl in; so that nothing is ne)W tei he* se'e n of (ho granitio cone; 
(*xee])t a single; ]nlla,r which was a])])are‘ntly found not woiili 
Avorki..g. 

The yire'diiction of tin at Sedn’-nfe del, near Sclilackemwalel, Avas in 
1355 alivady conside'ralde*, anel feu* a long time; 8ch()nfe‘ld anel 
Graupen were the*, oidy ]>roductive; tin mine's e)f ea'ntral Enre>po. 
The we.)rkmg e)f the stannife^rons re>e*k he*re and at nnme*re)us e)the*r 
l)e.)ints attaineel a great impejrtance in the sixteeuith e*(;ntury. Aheait 
tins time, however, the productiem of Seheinfelel fell eifj*, and for more 
than half a century Scldae kenAvalel was the; me>st important tin mine; 
in Europe. Fremi tlie Scheinfeld anel SedilaeberiAvalel district 800 
tonnes of tin were produce*el in 1 550, anel in 1 580 Schlackenwald aleme; 
yie;lded from 300 to 400 tonnes. The reiek at that time (1 570--1 OOO) 
yiekled *5 per cent, of tin. Accoreling to K(;;yer, itiining }>ee;ame‘ e>i‘ 
h^ss importance after 1580, an<l he sngjge*sts, as tin; prohahle; re;ason 
for this, that tlie j>iie*e; of tin, although it lu'ie] in the; ronrsf; e>f tlxi 
^ K. “ /iriTj.,” 1SS1, j). 7t. 


y 



B22 


ORE DEPOSITS. 


[PAET II. 


^entxxxy nomittally risen, had, in comparison with the price of food, 
&c.» considerably fallen ; secondly, the depth of the mines at the 
end of the sixteenth century had much increased, and, lastly, 
the percentage of ore appears, at least as regards Schlackenwald, 
to have decreased with the depth, as may be deduced from the 
following data : — 

In the year 1570 tlie average percentage of metal in the rock was *5 


1001) 


*5 

.. ICdo 


*3 to ^ 

.. I'^O 


*3 to -4 

„ 1774 „ 

>> 

2 to -3 

„ 1819 


*2 

„ 1850 

„ 

•2 to *4 


At the beginning of the sovc'ntoenth century Schlackenwald 
^voduced 170 tonnes, and Scliiinfeld 80 tonnes, of tin per annum, but 
tills was subsequently reduced to an annual production of 50 tonnes. 
Almost all the ore produccil at Scblackenwalil was obtained m 
tlie sixteenth century, during wbicb period about 50,000 tonnes 
of tin were prodm-cd in this district, and as 300 tonnes of rock 
only yielded 1 tonne of tin, 15 million tonnes, or about seven 
million cubic yards, must have been worked to give the above 
yield. Tbo whole of this rock, nearly as hard as quartz, must have 
been removed by bro-sotting, gad, and bannner, and subsequently 
stamped and was lied. 

In Bohemia, and, in fact, in the whole of Austria, tbo pro- 
duction of tin in 1881 was confined to tiio mines, viz., tbo Maunzi 
Mine at Hengslorerben. wbicb produced 9J1 tonnes of tm-stnft 
worth £035, and the (Imnpen Mine vhi. b produced 140 tonnes ot 
ore, worth £3,440. Tbo total production of Bohemia m 1881 was 
as follows : ^ — 


Gold ore . . 

Tonnes. 

. . . 7,00 

Silver ore . 

. . 12,383 

Lead ore 

. . . 2,377 

Zinc ore . . 

.... 10 

Copper ore . 

.... 20 

Tin ore . . 

. . . 1,051 

Iron ore . . 

. . 70,206 


Tonnes. 

Bismuth ore . . . .13 
Antimony ore . • . 187 

Uranium ore .... 6 

Wolfram 62 

Sulphur ore . . . 3,011 
Manganese ore ... 31 


1 Sfntisfi'ic.kes Jahrlnich dcsl'. l\ Arkerbau Mimsf^inu f)is, Vienna, 1882. 
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Salzburg.^ — Mitterberg in the Salzburg Alps, where a 
bedded lode is worked in Silurian clay slates, is about five miles 
west of Biscliofshofen. The deposit may be followed along 
its outcrop for a distance of nearly five miles, and it appears in 
several places to split up into two or more headers. The present 
workings extend over a h'Hgth of above (hK) fathoms along its 
strike, and are situated partly upon the main lodo and ])artly mi 
one of its leading branches. Tlu' thickness of the lode, whioli is 
chiefly filled wdth Laij/erHcJmJ'rr- or seriidte rock, averages from six 
to nine feet, and contains <piartz, s})a.tlH)se iron ore, and iro])}U‘r and 
iron pyrites. The La(f('r^v]ii<'J\'i\ which occurs only wh(‘re tluax! are 
ores, h.'is a liglit yellowish-grey colour, is very hard, and is 
perhaps a inetamorpliosed eriqiiivc' rock. It accompanies the 
lode on both sides to a width of from two lo fifteen fathoms, aiul 
gradually passes into ordinary slates, its tJiic.kness being grcsilcst 
near the surfaces, and d(5cre-asing in <k‘pih. The. normal Silurian 
clay slate is locally known as hlaucr MiH'Jrr. 1 In*, tman 
wUdi'T Srjiir/rr is iiere ap[)lied to all varietit's of slati.^ near 
which thci ort^ deposit iM'Conu^s coinprc'ssed and unproiluctis e. 
The m(‘ta.lliferou.s minerals are ri*guhiiiy <lisl rihutxMl in the 
Laffcrsch i'lfer, which is likewise ini[»regna.t('d will) ]>yiil-cs, wliith is 
met with in (•oin[>a(‘t rna«sses a.ssociat(‘d with (piartz. I he orc's 
aix‘ eithm* diss(‘minated tlirough th(‘ vennstom s, or (*op)n‘r ]>yrites 
and spathic iron ore oc'cnr in lcntic\d;ir ma,sscs enrlnsed in (piart/ ; it. 
is to be remark(Ml also that tin* Imigitudinal axes of tln^su mas.M'S 
are not always jiaraJlcl t(» the walls of tlie deposit, hut an* inclined 
towards them at varying angles. Smm*linics, l>u(. not oil en, (piartz 
and co])pt‘r pyrites, but ru;ver cop]»er pyj'it< s and s|;a,thie inui ore, 
occur in coricoiitri<; b<inds ; ai'.seiiieal lahleiz and cinurihai o( eui 
as curiosities. On smelting tin* oics a. certain i)n»portion <d’ nickel 
is obtained. 

The total production of Sal/Anirg during the year IS81 was, 
gold ore 84 tonnes, copjier ore .‘1,1 o2 tonnes, iron ore 8,8:17 tonnes, 
and nickel ore 40 tonnes, having an aggT(;gate value of £17,00(1. 

TyiiOTi. — Lead and silver wt*re mined at tin; Schneednug, thirty 
miles south-west of lunslwuck, in the fourtc'cntb ceuiinry, and 
mining for copper and silv(‘rwas commencc.'d at- Schwaz in Noithcin 
Tyrol about 1409 ; almost at tbe same tiiiiu mines wen* (»j)er](‘d at 
Brixlegg, Mitterberg, and Kitzbriclit. Mining at these pla(*es was 
flourishing in the fifteenth and sixteenth centuries, while at Schwa/, 

^ \\ M. Jif'iy. und Jlult^rnu. Z*iL 1805, }'. 0. 
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in 1519, 200,000 gulden wore jiaul as royalty alone. At the begin- 
ning of the sixteenth (century, these mines are said to have em- 
ployed 7,r)00 workmcm. Mining was abandoned during the Thirty 
Years' War, and was not n^suined until the eighteenth century, but 
it never again reached its form(*r importance. The copper and 
silver miners at Khiuscui originated in 1497. 

One of the best examples of the occurrence of bed-like auriferous 
c^uartz in rocks of Pnheozoic age is that of the Heinzenbevg, near 
Zell/ where b(‘ds and veins of rpiartz are enclosed in grey Silurian 
clay slates. Gold is nevaT found in tlie veins, while in the bed- 
like segregations it almost constantly occurs. Nine of these beds 
are known, coursing from 11° to 20° north of west, dipjiing 
at an angle of from 05° to 70° towards the south, and having 
a thickness varying from a few inclu's to six hithoms. The bed- 
like deposits (consist, of auriferous quartz and slates, the gold being 
(‘ither met with as dust-lik(i enclosures, or, mon^ ranly, in distinc't 
halves and grains. From a mining point oi‘ view the Friedrich 
bed is not of very great importance, although in former times 
tluj Anton and J(»liann beds wi‘re extcmsividy workial. In the 
Friedrich deposit there are, however, several b(‘ds, varying from 
sixty to seventy fathoms in width, separated by unproductive 
strips, and traversing it in a diagonal direction, which contain 
workable gold quartz. 

Sinc(', its commcnc('ment in 1021^, tlu^ production of the 
Zell gold miiuas has always Ixaui wry variabha From 1794 
to 1815, with forty-two workmen, 120 oz. to IGO oz. of gold 
were annually ju’oduced, and from 1840 to 1847 the average 
yield was 152} oz. per annum. From 1848 to 1852 the annual 
production of gold was 184:^ oz., but in the year 1854 it in- 
creased to 212 oz. In 18(>fi,184 tonnes of gold (piartz, 620 tonnes 
of rough work, and 555 tonnes of slate w(‘re rais(Ml, giving 272 oz. 
of gold. In 1881, thirty-one miners Aveu’e at work ])rincipally 
exploring, so that no ore was raisixl. 

There are four mines in the Bi’ixlegg^ district, namedy, at 
Schwaz, at the Kleinkogel, Grosskogcl, and at the Matzenkopfel. 

At Schwaz the veins, Avhich vary in thickness from 1 to 1 inch, 
occur in a grauwacke slate, and are filled with spathic iron ore, 
ankerite, heavy spar, galena, fahlcrz, copper pyrites, bournonite, 
pyrargyrite, and quartz. 

^ A. K. Schmidt, Berg, icnd ITiittcii'm,. Zdt. 18^8, p. 11. 

2 F. M. Stapff. Berg, und JliltUnw,. Zeit, 1862, p. 1^34. Orslrrr. Zeif. vol. xxix. 
1881, p. 576. 
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Tlie Kloinkogel has lxK‘n worked, without iiiten-uption, iVoin 
very ancient times, and is now supposed to he nearly c‘xhausted ; 
The Grosskogel, like the Schwaz Mines, has been resumed after a, 
long inteiTU})tion of the operations. The Khdnkogel is situated on 
the southern boixler of the Unterinnthal, about two miles sontli- 
west of Brixlegg, wliere the Guttenstein limestone is travi'rsed by 
numerous irrc'gular fissuiws containing or(‘s. Heavy spar associated 
with calc spar, ankerite, and (piartz, jbrms ihv, })rineipal gangiu‘. 
An antimonial fahlerz, containing (piicksilver, nicktd, and cobalt, 
sometim(‘s traverses the lieavy sjjar in ini^giilar threads. Staptf 
endeavours to ex 2 )lain the de])osits of on* at the Kli‘inkog(‘l by an 
influence of the country rock. The d(*]>osits of tin* Grosskogct 
are irregular stockworks, sometimes of (‘onsid(‘rable exhmt, co]i- 
taining fahlerz, argent ih'rous cop 2 H‘r a.nd iron ])yritt*s, Ia*avy s]>ar, 
i'alc sjxir, dolomite, and (piartz. 

At the Mntzenk(i])fel, near Ihixh'gg, wIutij the mining is of 
recent date, the loih's occur in Partnacii dolomiti*, and contain 
argentifenjiis fahhaz, galena, and inm ]>ynt(*s, with ars(‘nid(‘s of 
riiek('] and cobalt, jiyrargyrite, natives silvan’, hituminons slate, 
dolomite*, and cah’ spar, 'riic shaft is as y(‘t only thirtydiva* fathoms 
in de]>th. 

From 1S77 to 1SS0 the Brixlegg min(*s jiroducml — 

(.)r(3 for tin*, smelter 1,240 tonn(*s. 

Ore hjr tin* stamps S,0<S2 „ 

Heavy sjiar ()4t> „ 

Sjiathic iron ore 1,1 4t) „ 

The Bfundrersberg, at Klaus<-n,‘ consists of a mica schist, in 
which there occurs a largx* mass of diorite. At tin* contact of 
these two rocks is a. fel stone-] loqdiyry, of which the limits are not 
shar])ly defined. Tlnx'e lodes traverse.* theses rocks witli a striker 
between north of east and due east, and di[> fj'om 00" to <S0" 
towards the north ; they are acconpianied hy numerous strings and 
(‘xhibitthe character of coinjilex lodes sixteen fatlioms in thickness. 
The country rock has a rcmarkalile influence on the contents of 
the lodes, which are invariably richest in the di(.)rit(js, wlicre, 
they contain argemtiferoiis gak^na, blende, co2>p<-‘r l>yrif<^s, and 
iron pyrites ; wliile in the felstone-porphyry and slate galena is 
entirely absent, and (mly cop])er pyrites and iron 2 )yrit(.‘S occur. 

J A. R. ScliniMt, Bent, und Jlaifcnw. Zeit. 1867, \k 267. Oesfern Zeii. vol. xxix. 
1881, p. 677. 
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Iinmediatoly the lodes pass into the slates they become im~ 
povcrished. This mine, on ac(‘ount of the scarcity of timber and 
other materials, is not extonsivtdy worked, and as a rule only 
about fifteen men are employed. 

The Sehn(‘ebcrg^ lies about thirty miles south-west of Inns- 
bruck, and forms the point of intersection of several lofty 
mountain (*hains. Near its summit, 7,200 feet above the se;i 
kivel, and just bidow th(j gem.Tal hwel of the glaciers, is the 
Schrieeberg Mine. Then^ is reason 1o believe that this mine was 
worked for argentihmms gahuia and cojijkt ore's as early as the 
Ix'ginning of the lifteenth c(*iitury. In 14<S(> a tliousa.nd miners 
were employed, but shortly afterwards the ores l>ccam('. exhausted, 
a-nd operations wc're abandoned. 

A now c‘xamination of tliis locality, in the yea.rs 18GS and 1800, 
led to thii re-o])eTnng of the min(‘ for the sake of the blende 
remaining untoiudu'd in the* viins, ainl a(*cumulat(‘d in large (|uan- 
tities both in tlu^ attle, or packing, a.nd in the old waste heaps. 
Deposits of blende with galena, a])parently poss(‘Ssing a liedded 
character, occur in a, mica, schist containing garnets, which consti- 
tutc'S the ro(^k of the Schn(‘,eb(‘rg. Although however the mica 
scliist beds in the vi^aniiy of the mines strike with remarkable 
regularity directly eastward, and dip towards the north, the 
d(']K)sits tlieras(‘lv('s, as w('ll as the immediately adjacent mica 
schist beds, have a. sti'ike to tin* north-east, and a. dij) to tlie nortli- 
wost. Tlu'y vary in thicknt'ss from 0 to 55 had, and consist 
of veinstone, blende and galena., with a littlt^ iron pyrites and 
cha.lco])>rit,e ; and ankevite, cak-ite, quartz, garnet, a,nd hornblende 
areaisually present. ^Jdie wuukings extend for a distance of 1,200 
fathoms along tlie strike, ami to a de}>th of 520 fathoms on the 
dip. Th(‘ deposits are repc‘at-(‘dly disloratAKl by faults. 

The author (d the ofheial r(‘p(*rt <m Austrian mines, jaiblished in 
1878 in connection with the French Fxliibition of that year, w^as 
of 0])inion that Sehneeberg was capable of annually producing 
7,000 tonnes of blende containing 45 per cent, of zinc, and 3,000 
tonnes of galena. It however appears that these anticipations 
have not hitherto been fully realized, for, altbough between five and 
six hundred men are enqdoyed, the production from 1877 to ]880, 
inclusive, w\as only 3,024 tonnes of blende containing 45 j^er cent, 
of zinc, and 27,133 tonnes of mixed ores containing 25 per cent, 
of that metal. 

^ “ Notice sur quelqiies-uues des Priiicipales Mines de TKtat A lit riel lien,” 1878. 
F. Posepny, Oesterr, Zeit. vol, xxvii. 1879, p. 10(>. 
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Tu 1881 Sclinoeberg i>rodiieed 4,234 tonnes of zine ore; this 
increased prudnetiun being due to the erectioiU)f iin])roved dressing'' 
ap]>aratus. 

Near Kitzbliliel,^ in Tyrol, bed-hke lodes oecur in Silurian clay 
slates and grauwacikes. F. ]\r. Staptf- describes these deposits as 
LagcrgdiiyCy or bedded lod(‘S ; A. U. Schmidt*^ calls them Ldgrr, IxhIs. 

The copper pyrites occairring in Silurian clay slatt‘s has luam 
workcid for many years at th(‘ mim‘s ot* Kujderjdatte, Krlehalpe, 
and Schattberg ; the ori\s principally cojisist of c<>py)er ]>yri(c‘s 
associated with iron ])yritcs in a ganguc of (piartz .atid ankt'rite, 
which often attains a thick lu'ss of si^viaa] >ards. 

At the Kn])fer}>Iatte Mine, live mih'S south of Kil zbVdiel, eight 
])arallel bedded lodes varying fi-nm 4 to 35 ftnl, in lliickiu'ss are 
known to exist above om^ another ; liio ([uartz occiuTing in hait icnlar 
masses in the slate, while lenticular masses of slate are. found in 
the ([uartz. In this lodt'. copper ])yrit.es and, mou'. rar(‘ly, iron 
]>yrites also occur either in the Ihrm of Ienti(ail(*s or in diss(‘!ninat('(l 
grains. AVhere the; ores ar(‘ rich, the country rock is compos(‘d of 
Lagcr^^cliii'fcr ; hut where, on th(‘ contrary, they ar(‘ poor, tin; 
country r<»ck is formed of tlu; so-called irUdrr SchirJ'rr, which is 
dark with a]» irngular <‘leava.ge. Ac(‘ordi ug to Stapif, the L(fgir^ 
srhivfi'T and trUdcr Srifir/'n^ (inclosing tin; (/re oecui’ in a, ImiticadaT 
mass in normal Silurian clay slat(‘S. 

The mine, of Kelchalpe is ten miles south of Kil.xhiihel, and is 
5,050 feet abovcj the s('a. levad. (5)pper pyrit(‘s ]ji*re pri^doininates, 
quartz being a subordijjate material. 

The Schattherg Mine, half a mile south ol‘ Kit./d/iihcl, is work(‘(l 
by means of two adits and an iuclimsl shaft, ol* wliicli tla^ p(ir- 
peudicular depth is about ( ighly fathoms. 

From 1877 to 188(1, inclusive, the average ]jr()duction [icr 
annum ftom the Kitzhilhel copq>er mines was as follows : — 


Kupfcrplatte ... 

Keldialpe 

Si’liattl/org 


auug)i W'ork 

j I’cif ('rit!t(j;r 
»if (J »)iji< r. 

(>r(‘. 

, of <io]j]tcr. 

ToiiJ)ms. 

i 

1 

, 1 

! 'J'onjjcs. 


I.SaS ! 

1 TOO 1 

142 

! 10-5 

\ 

! i-r-7 1 

284 

I M*o 

0(52 

1 -M', i 

12() 

12 -2 


■ t 


^ OrMrrr. ZHL vol. xxi.if. 1881, p. r>8.‘{. 
^ Bery. vnd lhdh''n'm. Znt, 180.^, p. 18. 
3 Jhvl. 1870, p. 174. 
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The total production of Tyrol in 1881 was : ^ — 


Tonnes. Value. 

Silver ore *5 £75 

Copper ore 12,734 £9,522 

Iron ore 1,700 £1,239 

Lead ore 515 £4,822 

Zinc ore 4,537 £9,905 

Sulphur ore 779 £389 


CAUiNTfilA AND Styria. — Certain limestones of tljc Carintliiaii 
Alps contain in various localities deposits of lead and zinc ore-;, 
which, notwithstanding slight difference's in detail, resemble one 
another in their more important characteristics, and have doubtless 
a common origin. The X)rincipal hx^alities where such deposits 
liavo been worked a,n‘ the following, namely : — Bleiberg, Kreutli, 
Raibl, Windiscii-J]leil)erg, Ka]>pel, Mies, and Schwarzcnbach. They 
all occAir in a belt of Jinu'stone of a few miles in brcadtii and about 
sevmiiy-hve mil(\s in length ; but it will be uniK‘(Hissary to give a 
descTiption of niorc' than oiu'. of them. 

The mining village of Raibl,- in Upper Carinthia, is situated 
on a declivity of the Kiinigsberg, whi(;li contains de])osits of galena, 
blende, and calamine, whi(^h have been worked from the earliest 
times. The deposits of Raibl rc'st conformably on the strata 
of the lT])[)er Trias, and liave ])een disj)laced to a distance of from 
twenty to thirty fathoms by faults running north and south. 
Near these disloc'atitig fissures, which, at the surface, can be dis- 
tinguished as valleys, tlu^ ores occur in limestone, chiefly in its 
upi)er ]>ortions; thc'- tc'rm limestone is, however, purely a strati- 
gniphical distinction, since those beds, 1,000 yards in thickness, are 
not only composed of limestoiu' Imt also of various slat(‘s and dolo- 
mites. The Raibl beds, resting on tin* liniestom^, consist of marl, 
slate, and shale. Galena and blende occur in the dolomite, while the 
calamine deposits are found on a somewhat different horizon in the 
limestone. The deposits of galena and blende are distinctly cavitif's 
in the dolomite and dolomitic slates which have been filled by infil- 
tration. They are very irregular in form, but always contain crystal- 
line blende, galena, iron pyrites, and dolomite, in layers parallel to 
the walls of the deposit. Dolomite sometimes occurs between the 
galena and blende, and seems most freipiently to form the central 

^ Statwtisehes Jahrlmch des k. k, Ackcvbau Ministrriumftt Vienna, 1882, p. 13.5. 

2 F. Posepny, Jahrh. d. k. k. <jeol. JleicIiJiatist. vol. xxiii. 1873, ji. 317. Ofutirr. 
Zeit, vol. xxix. 1881, p. 58t. 
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lining of the cavity, but in some cases blende occupies this position. 
Heavy spar is rare, and never forms entire beds, but occurs only 
as separate crystalline aggregations in dolomitic geodes. The 
calamine deposits dilier entirely from the foregoing, as in them 
there is nothing to indicate cavities tilled by infiltration, but every- 
thing, on the contrary, seems to show that they are psiaidomorjhs 
after limestone, and certain pecadiarities of this rock are accurately 
reproduced in the cahiiuine. At Raibl the calamiin^ consists, 
principally, of zinc carbonate and, more rarely, of zinc bloom, wliile 
silicate of zinc is very rare. The ore most ])l(‘ntif\dly obtaiiu'd is a 
nearly pure zinc carbonate, coiitniniiig on an average 45 per c('nt. of 
zinc. The production of ore in ]S7(> was 18,411 tonnes, Imt in 

1880 it sank to !),704 tonnc's. 

The JS^oiic iron of 4\acitus a,iul ollua* classics authors was 
]»iv]iare(l from ores obtained in the Styiiau Mrzberg, and, as this 
industry bas, without intermission, (‘-ontinii(‘(l in activity from tin* 
dai(j of the Koinan <)ccn[)ati(ni to the ])r('S('nt day, the aggrogatr<' 
yield innst liave bt'eii enormous. A tire, which took place i\l 
Eisenc'rz in 1()I8, destroyed (locinnents lljmi (‘xisling wind) ca,rrie(l 
back the iron manufacture to A.l). 712, but tin*, (locunnmis still 
}>rescr\e(l do nut go lurtln*!* back tliau tlu‘ twelfth cmitury. In 
1871 Styria, tliirty-ojn* l>last furnac(‘s, ]>i*odn(*ed 122,000 t.onin's 
of ]>ig iron, and during the same yeaj* (Jarintbia yicldi'd (>3,000 
tonnes from sevent.cen Idast furna>ces. 

The total ])ro(lu('tion of iron on* in Styria during tin; yeai- 

1881 aiiiount(*d to 420,^74 tonii(‘s, worth .€100,042. (hjhithia, 
in the same }ear produced 88,041 tonnes of iron ore, worth 

CaunioLA. — The (juicksilver dej)osit i)f Idria,” in ( !arniola, w'as 
discovered in 1400, or according to otln*rs iu 1407, by a coope r, who 
formed a company for the piirjiose of working it,; and mining was 
carried on by this and other companies until the (Jovermnent took 
cliarge of the property in 1580. Recent iriv(‘Stigations relative; 
to the geology of Idiia, by M. V. Li])olel, the ]m‘sent inanagf*T, 
have shown that the or(;-beariiig rocks an; ex(hisiv(‘ly of Trias.^ic 
age, and tliat the Carhoniferous sandstones and sebists wliieti form 
the roof of the rnctalliferons beds, liavc only assumed this posiii«)ri 
through dislocation, dis])lacement, or reversal. 

1 Stafis. Johrhuch, 1882, p. i i • 

* M. V. Lipoid, “J)ask. k. kkev.eksiltcr-wik zxi Idria in Kvain,” l>nl»lis]i<Mj m 
1881, to comm am orate; the SOOtli uiiuivcrsar} of the Oovci J.mfnl ]m/.s.v ^M"n. (hsinr, 
Zeit, vol. XXX. 1882, p. 84. 
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In the north-western portion of the mine the de])osit jiossesses 
the character of a bed-like vein enclosed in tlie so-calJrd Skonca beds 
and conglomerates, and is of the nature of a stockwork in a Lower 
Triassic breccia. The ore in the south-eastern part occurs chiefly in 
fissures in Lower Triassic Guttenstein limestone and dolomites, 
both hanging and foot wall being impregnated with cinnabar. 
In the north-western part of the mine, in which the Wengen 
beds follow the course of the main dislocating fissure, Guttenstein 
and Werfen beds consisting of dolomites, limestones, and of sandy 
slates on which the Wengen beds are deposited, form the foot wall 
of the deposit. Above the Wengen beds come the Skonca beds, 
and above these are limestone-conglomerates impregnated with 
cinnabar, dolomitic breccia, and Gutie/tistein beds. The Wengen beds, 
which principally carry the ore, dip 42° north-east, until at a depth 
of 150 fathoms they split up into two branches, rising respectively 
for a distance of forty fathoms at angles of tW and 47°, and then, 
turning downwards, are united, and assume a dip of 50° north-east. 
The slates are not uniformly impregnated with cinnabar, there 
being sometimes rich pockets and lenticular masses enclosed in 
barren ground. Cinnabar is the only ore o(tcurring in depth, native 
quicksilver being found only near the surface. 

The richest ore is the Stahlcrz or steel ore, so called from 
its colour, winch contains 75 per cent, of mercury, and occurs in 
a compact or crypto-crystalline form. The Lchcrcrz is liver-coloured, 
compact, and lustrous, usually forming nests in the StaJder::. Tln^ 
ZiegclerZy or brick ore, is sandy, granular, and of a bright red colour. 
A peculiar varic'ty of the ore is knowui as Korallenerz. 

The Skonca IxhIs proper consist princii>ally of dark, bituminous, 
dolomitic sandstones and slates, containing fossils resembling corals, 
which have not at present been determined ; these coral sand- 
stones and slates are somcitimes productive of ore. The slates, 
where they carry ore, which is frequently associated with iron 
pyrites, are generally highly bituminous. In the south eastern 
parts of the mines the strata are almost vertical, and are crossed by 
fissures sometimes exceeding three feet in width. The quicksilver 
dej)Osit of Idria contains iron in the form of j)yrites, but no other 
metals, and is remarkably poor in crystallized minerals ; cinnabar, 
calc spar, dolomite, and quartz being rarely found as good crystals. 
Idrialite and anthracite occur in the form of compact masses. 

Lipoid believes that the ores owe their origin to infiltration 
from belo'w, and calls attention to the fact that the mine grows 
richer as greater depth is attained. 
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From 1877 to 1879 the reduction works treated the lollowiip'^ 

o 

(quantities of ore : — 


1877. 83,311 tonnes containing r371 p.c. of mercury. 

1878. 33,004 „ „ 1*300 „ 

1879. 40,627 „ „ V076 „ 


The production of (juicksilver in 1877 amounted to 837,060 
lbs., while the yiedd in 1878 and 1879 amounted respectively 
to 791,015 and 924,137 lbs. Within the last thirty years 
the production of Idria has been treblcMl. Among the (quick- 
silver mines of the world, Almaden, in Sqiain, takers the first rank, 
New Almaden, in California, tlie si^cond, and Idria, in Carniola, 
the third. 


General Summary of T)rK inionrcTioN of ^iKTAULiFFrors Minkuals in the 
Austrian Kmpihk, exclusim-: of IIunoahv, J)UriN(; jiiis Vkai: LSS‘ 2.* 


DeseriRti'Mi of Ore. 

(^naiilitics. 

1 VuIlK'H, 


Toiuifs 

1 

Iron ore 

902,010 

1 2, 897, •404 

Till oi'o . . 

2,()02 

20, 009, 

('oi»iK‘T ore 


i 229,080 

Lca<i 0 ] 

14,705 

1,172,817 

Zinc or 

or, .‘i( 


ore 

Gold OK 

Silver re 

j n,84l 

9,,0l;i,99)r) 

Ki<;krl and (Jobiilt ons . 

! Ft 

.028 

Antimony ore . . 

1 .^09 

i 22,29,2 

Bisniiilli ore . . . . 

i 21 

; — 

IT ran in m or(5 

' 0 

9,!M4'1 ! 

Wolfram 

1 00 

8 , 9 : 9 ; i 

Quicksilver ore . . . . 

1 40,90,8 

.04 9, ,09.0 i 

Man<^anese ore .... 

i 8,418 

74,121 1 


Total Valiio of M(!fullifrn>ns Minerals } ■ ^ j.j 

j)ro<liu*od in 1882 


UVSGAUY. 

Mining in Hungary dates from liefore tlui tine* of tlie Itoinans, 
when important gold mines were in oqxTation in I)a(ua, flu* Tnm- 
sylvania of the present day, at Vrabspatak, Zalathna, and 

1 From the Siatwtischf^-^ Johrhach ilfa l\ l\ Arhrhau M fur 1882. 
Vienna, 188^3. 
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OffenV>driya, while, in Lower -Hungary, silver and copper mines 
were opened in the seventh century. The town of >Schemnitz 
was founded aliout llie heginning of the twelfth century by Frank 
and Saxon miruirs; Kroninitz is of nearly the same date, while 
Neusohl was founded in tlie fourteenth century by miners from 
Saxony and Thuringia. In Upper Hungary mining for silver, 
co]>j)er, and antimony originated at Schmdllnitz, Aranyidka, and 
Kapnik, by German colonisation in the fifteenth century ; the 
gohl mining at Botza, in Lower Hungary, dating from 1550. 
Tlie Scliemiiitz mines, wliich still continue to be the most 
imj)()rtant, in the year 1000 produced 10,804 oz. of gold ; while the 
production of precious metals from 1740 to 1773 was not less 
than seventy million gulden, and at the present time the annual 
])roduction is about 10,241 oz. of gold and 378,902 oz. of silver. 
In Soutl)eni Hungary important lead and silver mines existed 
at Gvosdanska, but they were abandoned in the middle of the 
sixteenth century on account of tlio wars with the Turks. 

At Schcimnitz,^ in Hungary, sixty-five miles north-west 
of Biuhv, the lodes pass in a south-westerly direction out of 
proj)yiite into beds of Mioceme age, thus proving that they 
were formed at a comparatively recent date. These lodes are 
characterised by great width, and by a filling consisting of decom- 
posed and altered rocks in wdiicli the ores occur as impregnations, 
in threads, and a,s the cementing mabuial of briiccias. Distinct 
selvages do not occur, and the veins consecpiently aj)])ear rather as 
bands of rock impregnated with ore tlian as fissures which have 
been fillcnl with various mineral substances. The veinstone varies 
considerably in the different lodes, but rocks converted into a 
clayey or silic^eous mass, hornstone, quartz, and amethyst are of 
(\s 2 )ecially frcupient occurrence. A peculiar (piartzoso rock, locally 
known as Si nope! , which is of a brownish -red colour, probably 
owing to the presence of iron oxide, is rich in gold besides being 
impregnated with argentiferous galena, blende, copper pyrites, and 
iron pyrites. 

Among the minerals occurring in the lodes are various rich 
silver ores, such as native silver, polybasite, pyrargyrite, &c., which 
are found, principally, in veins enclosed in the syenite at Hodritsch, 
near Schemnitz, but also occur, although more rarely, at Schemnitz 
itself. At Hodritsch a small mass of syenite comes to the 
surface, and is surrounded on all sides by propylite. J. W. Judd 
and G. V. Rath (juestion Avhether this rock is really a syenite, 
’ M. V. Lipoid, Johrh. d. l\ gcoh lieichsanst, 1867, p. 31 7« 
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but Pettko, Adrian, and Lipoid arc of opiiii(ui tliat it is so. 
The syenite of Hodritscli has a much greater extent iH'ueath the 
surface than at the surface, am! is surrounded by metamorphosed 
Devonian strata, and by rocks of Triassic ag(\ Tlui Tiu'tiary 
eruptive rocks burst through tlie syenite and sedimentjiry rocks in 
lode-like dykes, and extend in great imissos over botii. Projyylit.ii is 
the oldest Tertiary eruptive rock found in the neighbourhood, and 
this, as in other Hungarian metalliferous districts, is piandrated 
by more recent igneous rocks. At Schemnitz dykes of rliyoJite 
sometimes occur as productive metalliferous veins. According to 
Lipoid, the Griinor Lode, the Johann L(>d(\ and t in' Uihi'r Lode 
are nothing more than veins of rhyolite which contain silvt'r and 
other ores in strings and fissures, and lu' is of o]>inion that the 
mode of distribution of the or(‘ would h^ad to the lh<‘ovy of a 
subsequent infiltration of minerals into thi' igiuions vtdns. In th(‘ 
syenite arc veins of dacite which, as tlu‘y aceom])a,ny th(‘ lod(‘s, 
may possibly hav(^ o])ened the way for tludr formation. The 
relative ages of the rhyolitic; vt'ins in tlu; ]>roj)yIite and of th(‘ 
daeito veins in sy(‘nite, yet remain to be detevmini‘d ; but a. very 
larg(' number of lodes avo known to (‘xist within th(‘ limils oflJa'sc; 
rocks. Generally sp(‘«‘iking, tlu' veuns in syenite liav(; a. more 
irreguhir strike, namely from south-\\(;st to nortleeast, from north 
to south, and even from east to west, than hav(‘ tin; veins ii^ thi‘ 
propylite, which course; ])rinci[»ally from soutli-wcst to north-cast. 
The elip is usually alxuit 75^' towards the* sout h-(‘ast, hut o(;casiona,IIy 
towards the north-W(*st. Sevci'al of the veins may ho followed for a- 
great distance in the direction of their striker Tin; (jlriincr L(»d<; ca-n 
bo traced for fxbove 1,()0(J fathoms, and IIh; Sj>ital Lode for ahout 
half a mile, so that this lo(h;, with its gn at, thickmiss of twenty 
fathoms, is one of the largest in the; world. 

Among the more recemt minerals fonml in the^se*. lodes may lx; 
mentioned calc spar, brown spar, diallogite;, s]>alhic iron ore, hesavy 
spar, and gypsum. The ores are to a large (;xt(‘nt (;e)neentrate*d in 
columnar or irregularly fejrme;el shoe)ts, wljich difie;r in eharaedeu' not 
only in the various loeles but free[U(;ntly also in the same fissure*. 
In this way the north-east portions of the Spital Lodej contain only 
ge^ld, galena, blende, and cojqxT pyrites, galeaia jJaying the; j)rin- 
cipal part; while in the south-west portions silver ore-s almost 
exclusively prevail. The most j)roductivo Iexd(\s in Sche^innitz, 
namely, the Griiner Le^de, tlie Stefan Loele, tlit; J(J»ann 1/ide, 
the Spital Lode, the Bibcr Lode, and the There‘sia Le^de, oexair in 
propylite. 
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Krenmitz,! eighteen miles nortli of Schemuitz, is one of the 
most ancient of the Royal Free Mining Cities of Hungary. Here a 
mass of propyliti^, siiiTouiuled hy grey trachyte, is traversed by 
numerous veins which are so intcTinixed with the country rock that, 
in places, ludther tlieir strike nor their dip can be determined. The 
mass of j)ropylite is about half a mile in length and from 1,000 to 
2,000 fatlioms in width, and contains finely disseminated auriferous 
pyrites, which becomes concentrated in the vicinity of veins and 
fissures. Although the deposit gijnerally ]>resents rather the 
apj)earanc(‘ of a stockwork than of a ix'giilar lode, yet, strictly 
speaking, this is not a correct definition, since enclosed in the jiro- 
pylite are two distirnd. and parallel groups of lodes, coursing from 
north to south, which are known respectively as the Main Lode 
group a,nd the (jeorg-Sigmund group. 

The former iiichuh'S the Main Lode, the Schranier Lode, the 
Kirchberg Lode, the Schindler Lode, and the Katliarinen Lode ; 
these lodc*s are connected together by numerous flucans and 
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branches. The lodes of tin's grouj) dip from 45° to 55° east; 
the branches of the hanging wall, however, always incline at a 
greater angle than the foot wall so that the entire system of 
lodes converges in depth, thus somewhat resembling an open fan. 
Fig. ()7, after Windakiewicz, represents a section across these lodes. 
Their thickness varies from three to five fathoms, and, at the ])oint 
where the branches meet, is sometimes as much as 50 fathoms 
across. The filling principally consists of quartz or hornstone 
with decom])osed country rock, and intermixed with the quartz 
is finely divided argentiferous and auriferous pyrites, which 
imparts to it a greyish colour. 

The Georg-Sigmund group consists of the Lettengang, dipping 
65° west, and the Georg-Sigmund Lode, on the hanging side of 
the latter, dipping 70° east. The filling is, for the most part, the 
same as that of the previous group, excepting the occurrence in 
the latter of auriferous stibnite and metallic gold. Among 

^ E, Wiiidakiow icz, Jahrh. d. k. gcol. licichransiy vol, xvi. 1866, p. 217. 
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the minerals frequently found in the lodes may be mentioned 
quartz, calc spar, brown sj)ar, heavy spar, auriterous and 
argentiferous iron pyrites, stihnite, fahlerz, ])yrargyrito, and argen- 
tito ; while arsenical pyrites, blende, galena, eo}>per ]>yntes, ami 
cinnabar are rare. In eonsecpieneo of the decomposition of ])yrites 
the outcrops of the lode wen^ esj)eeially rich in gold. 

At Nagybiinyad in South-iaislern Hung.ary, tlu^ lodes occur in 
}»ropylite, and only occasionally in griw trachyte, wliicli is pmie- 
trated and superstratitied by the former, their strike b(niig oO' to 
45° east of north. Tin' most important of t hese lod<.‘s is the Krc'uz- 
berg, whicli courses north and soutli, di])s from 70^ to S0° west, lias 
an average thiitkness of three f(‘et, sometiims increasing to six 
feet, and traverses the mountain of tln' same nanu' from its 
summit to its base. The lodes gemTally arc not well defined 
and have no selvages. The filling consists of (|n!u tz, in which tlu' 
auriferous jiyrites, with a little eo])per pultes, is timdy disseminaled ; 
but nests of silveu* ores, (‘specially of pyrargyrite and fiTgcmtihn'ous 
lahlerz, also occur. Jt is remarkable that at the Kriaizlnag tla^ 
various carb<mati‘s are entindy abs(*nt, as an* also h(‘avy spar, 
galena, blende, stibniti*, and realgar, wliieli in other places ai'e so 
fnnfiiently found in similar lodes. ISb'ar Nagvliiinya, artj the mini's 
of Fels()b;inya, Kapnik, a, ml ()lali-L;lj)os-lkinya. 

N(;ar tlie. villag(‘ ol‘ Fidsdbiinya, is sit.ua.t.e<l thi' (Irossgrulx'ii 
Mountain, which consists ])rincij>ally of ])ro]iylit(‘, and is at tlu^ foot 
surroumhal by Tertiary b(‘ds. Tlie loih's occur in this propylito 
striking i.*a,st and vvi.'st, and in tJie <]ire(*tion of their risii ojien 
out like a fan, in sncli a way that at IIh' surface the group has a, 
breadth of no less than fathoms, but gradually narrows down 
as it gels deiipm*. These lodes liav(i a, tliickm^ss varying from one 
to twelve fatlioms, and a. dip of from 45' to 7tt ‘. lm])ure, quartz 
containing disseminateal jyrites and other minerals, is th(‘, ohlest and 
most importaiit veinstone, and is very randy abse.nt, but wdum it is 
so, realgar and stibnite often occur in fine crystals. Above tbe 
quartz come auriferous ]>yrites, argguitiferous galima, bli'iide, copjK i’ 
pyrites, stibnite, realgar, and argentito. Then follow lii'avy spar 
and gypsum ; wliile among the most reccait minerals ari^ calc spar 
and brown sjiar. 

Tlio lodes at Kajmik- luv, very similar to tliose abovi; disscribiMl, 
but here two systems of veins are distinguislxM]. Those of the 

1 F. V Kiclithofci), Jffhrh. th h. h. OC<d. IKUO, j*. 2;i8. 15. v. Totfa, 

Z/VriT. VMil Jlntimm. ZrU.^ ISGI, p. tSl. 

^ B. V. (.lotta, Bnr^. umi IIultnuK. ISGl, j*. 1H!>. II. Jlofcr, Jahrh. d. 1\ l\ 
grol. Jlekh. ISGG, p. 1. 
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older, like those of Felsobaiiya, course east and west, and occur in 
it conglomerate lying at the boundary of the projiylite and grey 
trachyte. The filling material re.semblcs tliat of the parts of the 
Felsobilnya lodes which are poor in quartz, but when quartz is 
entirely wanting the ores lie directly upon the altered rock. The 
more recent system course.s, like the Nagybaiiya lodes, 30° to 45° 
east of north, and their thickness varies from one inch to seven 
feet. Quartz and pyrites have impregnated the country rock, and 
blende and galena (jccur in threads. The lodes often contain large 
druses, in which are found the magnificent crystallized minerals 
for which Kapnik is celebrated. 

At Oldh-Lfipos Bclnya tlu; pro])ylite has exercised a meta- 
morjdiic action on the Tertiary beds, and tlie lodes, as far as they 
<»ccur in tliat rock, are exactly similar to those of Kapnik ; but 
where tliiiy tra, verse Te rtiary strata th(‘y only contain (piartz witli 
a small (piajitity of iiyiites. 

Alagurka. ^ is situated on the northern border of the granitic 
chain, which, 4,000 to (>,000 fe(‘t above the sea, (‘xtends from 
Djunibir in a westerly direction, and tlH‘ mine is worked at an 
altitude of from 2,50t) to 3,000 feet. Several lodes containing 
stibniU', quartz, and native gold, occur in the granite; but of these 
the most nortliorly only is worked. It vari(‘S in width from a few 
iuclu's to twelve fi^et, dips at an angle of from 2.")° to 30°, and is 
much dislocated by faults. The granite in the neighbour] lood of 
the lode has undergone much alteration, the felspar being converted 
into a greenish-yellow wax-like mineral ; the mica, originally 
dark, having hecome silver-white. The filling principally consists 
of (piartz, stibnite, and granite, whih^ argentiferous gold is finely 
disseminated in the (piartz. Galena, blende, ])yritos, brown spar 
and calc spar o(^cur subordinatcly. At the richest points the 
stibnite is disseminated over a width of more than six feet, and 
the ore contains enclosed fragnumts of gi'anite. At one point 
the lode is symiiKdrically filh'd in with stibnite in tlic middle and 
(piartz on both sides of it, aceompaiiied, on one side, by a brown 
spar st iing of nioi e reeeut formation. 

At Schuudhiitz - a zone of clay slate is interstrati lied with 
mica schists, and enclost's bods containing patcdies and compact 
lenticular masses of iron pyrites. The clay slate zoue, which 
is about 1,200 feet in thi('kness, courses from east to west, di 2 )s 
from (>0° to 75° towards the south, and is worked for a distance 

1 R. Mfior, Jahrh. d. l\ l\ (jroJ. lirn-Jinansf^ 1868, j). 2r»7. 

- G. Faller, />. u. If. Jahrh. d. k. l\ Cksfrrr. JJergocad. vol. xvii., ISOS, p. lp:3. 
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of about three miles along its strike. In the floor and roof 
of the zone of clay slate, which may be regarded as the ore 
deposit, there is a black carbonaceous slate containing a large 
proportion of silica. The grey clay slates of this bed enclose two 
principal metalliferous zones, varying from six to sixty feet in 
thickness, containing pyrites ; but they are not distinctly separated 
from the grey slates, as they always contain more or less sulphides. 
The ores are principally iron and copper jwrites, partly se})arated 
out as crystals in the slate, and partly as compact masses more or 
less associated with quartz. The latter often ap])ear as lenticular 
bodies of variable dimensions enclosed in clay slates. 

Three large lenticular mass(‘s of pyrites, known n'spectivoly as 
the Liegend-Kiesstock, the Hangend-Kiesstock, and the Engidberti- 
Kiesstock, arc especially remarkable. The largest of these lenticular 
masses is the Liegend’Kiesstock, which is 210 fathoms along its 
strike, 75 fathoms in tlie direction of its di]), and H) lathoms in 
thickness. Tlie Hangend-Kiesstock may he fdlowed for a distance 
of 142 fathoms along its strike, and G3 fatliorns on its dip, 
while its thickness is 7 fathoms. The Engelherti-Kiesstock has a 
lengtli of 1()0 fathoms, a width on its di]) of 40 fathoms, and a 
thickness of 15 fathoms. Theses signgations are acc^ompanied by 
shales impregnated with pyrites, and in the (^astern y)ortion of the 
zone traces of galem\, l)len«le, and various ores of cohalt, liave heen 
discovered. 

At Herrengrund,^ near Neusolil, very irregular deposits occur 
in the gneiss, mica schist, and granwacke slates, near their 
junction with tlie granite. The mineralogical constitution of 
the mass is here usually as irregular as its form. Tlie so-called 
Pfeifer Lode appears to he a thick V(dn of sfKitlKJse iron ore cutting 
oblhyuely through siliceous slate, and containing fahlerz either 
disseminated or in strings. In the southern portion of the field 
bed-like lenticular masses of fahlerz associated with coppe^r 
pyrites and quartz, from six to ten inches in tliickness, lie between 
the foliations of a gneiss which passes over into a talco-niioaceous 
schist. 

At Dobscliau,2 gabbro, partially converted into serpentine, 
is surrounded by clay slattjs resting ujion gneiss and granite. 
The lodes occur on tlie edge of the gabhro in the vicinity of 
the clay slates ; they exhibit a fan-like arrangement, and possess the 
characteristics of comjiosite lodes separated by no distinct boundary 

^ B. V. Cotta, Berg, und Hiittenm. Zeit, 1861, j). 58. 

® G. Faller, B, u. II. Jahrh. d. k. k. osier. Ikrgncady 1868, xvii. p. 165. 

7 
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from the country rock. They sometimes attain a thickness of 
24) feet, and are principally filled with country rock traversed 
by threads of ore. A compact mixture of copper and nickel 
ores is the mineral wrought; this contains from 17 to 22 per cent, 
of nickel, and from 4 to 10 per cent, of copper. Compact fahlerz, 
copper pyrites, erubescite, and nickeliferous pyrites are rare. 
Spathic iron ore, calc spar, and ankerite accompany the ore as 
gangue. 

TnANSYLVANiA.i — The mining town of Nagydg, in Transylvania, 
is situated in a valley on the northern slope of a trachytic 
mountain range, twelve miles north-west of the town of Broos and 
lying between the rivers Maros and Aranyos. All the surrounding 
country is composed of propylite, which has burst through beds of 
Miocene age consisting of limestones, sandstones, conglomerates, 
and red clays. The propylite encloses large masses of Tertiary 
sandstones and conglomerates, whi(di have experienced no apparent 
alteration. The lodes vary in thicknc.ss from a few inches to 
six feet, and their course is usually cither north and south 
or south-east and nortli-west, with a dip at a considerable 
angle, thus fuming a complicated network of veins. The ores 
occur in propylite, and both this rock and the enclosed sand- 
stones and conglomerates are traversed by so-called Glattch lodes. 
This term the miner apydies to eruptive masses or dykes 
enclosing angular fragments of the country rock, and of a peculiar 
slate which contains rounded patches of (piartz about the size of a 
nut. The Glauch of JVagyag is a rock closely resembling dacite. 
The Glamlh lodes vary from an inch to three feet in thickness, and 
have generally a course similar to that of the ore-bearing lodes, on 
the productiveness of which they apparently exercise a favourable 
influence. The ore-bearing veins in the hard propylite are usually 
tliiri and unproductive, but when it is less hard they are thicker 
and more metalliferous ; in a soft country rock they arc commonly 
much split up. They traverse both the propylite and the Glauch, 
The most important minerals found in the lodes are quartz and 
hornstone, brown spar, calc spar, native gold, nagyagite, sylvanite, 
hessite, native tellurium, oxide of manganese, blende, and iron 
pyrites. More rarely they contain gypsum with enclosed scales of 
gold, heavy spar, native arsenic, magnetic pyrites, copper pyrites, 
fahlerz, bournonite, galena, stibnite, plumosite, blende, realgar, 
orpiment, and native sulphur. In the propylite are found 

^ B. V. Cotta, Berg, vnd Uuttenm. Zeit, 1861, p. 190. H. Hbfer, Jahrh, d. k. 
k. grnL lieichsa^isf. 1866, p. 1. 
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nagyagite, alabamiite, diallogite, with, subordinately, galena, blende, 
argentiferous fablerz, and quartz ; in the conglomerates, on the 
other hand, sylvanite, quartz, and fablerz are found. 

Offenbanya,^ is situated north-west of Abrudbanya, in the Tran- 
sylvanian Erzgebirge, between the rivers Aranyos and Maros. Here 
fissures about one inch in thickness traverse much-weathered 
propylite, and contain free gold witli ores of tellurium associated 
with quartz, calc spar, brown spar, diallogitc‘, iron pyrites, blende, 
fablerz, galena, native silver, and pyrargyriie. These so-called 
tellurium veins are obliquely traversed by otlicrs containing quartz 
and iron pyrites, which liave a favourable iridiience on their 
productiveness. 

The workings which have opened up the iidluriiim veins, have 
also passed through an adjacent granular limestoiU‘- containing 
segregated deposits of ore. The form of these is very irreguLar, as 
they occur as nests, pockets, and threads, varying in size from the 
smallest patches to large segregated masses. Among the ores con- 
tained in these detK>sits are iron pyrites, galena, blende, sulphide of 
manganese, psilomelaiic', fablerz, a-nd stihnite. Tlie princj])al earthy 
minerals are calc spar, brown spar, silicat(‘ of inangaiiese, liornstono, 
quartz, and clays. Grimm - states that a longitudinal arrangement 
of the minerals witliin the ore mass or in the lodes and cavities, is 
exceptional. 

The contact masses of Rodna occur under v(‘ry similar geological 
conditions to those of Oncnhariya. Tho distriett is composed of 
mica schist and hornblende scliist, with numerous intercalations of 
granular limestone. Tertiary beds also occur. Numerous inass(\s 
of andesite burst throiigli tlicse rocks, and, where they come in 
contact with the granular limestone, ore deposits occur enclosed in 
the latter rock. The size of the ore bodies is very variable ; the 
one which is at the present time principally work<*,d, has a vcTtical 
height of 278 feet, and a thickness of 92 feet. It has been explored 
for a length of 390 feet, without the en<l having been reacdied. 
The ore is a mixture of iron pyrites, blende, and argentiferous 
galena, consisting of 60 per cent, iron pyrites, 20 — 25 per cent, 
blende, and 6 — 8 per cent, galena, the remainder being calcite and 
quartz.^ Arsenical pyrites and dolomite also occur. The ores 
contain gold and silver. Posepny^ determined the relative ago of 

' PoXepny, Jahrh, d. k, k. geol. 1875, p. 70. 

2 Berg, uixd Hilitenm. Jahrbueh. d. k, k. ostcr. BergaemL vol. xvi. 1867, p. 306. 

* G. V. liath, Zcitschr. d. d, grol, Gesellsch. vol. xxx. 1878, p. 556. 

* Jahrb. d. k. k. geol. JlelrJisanat, 186.5, p. 183, and 1870, p. 19. 
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the minerals to be as follows: — (1) Iron pyrites and quartz; (2) 
galena, blende, and arsenical pyrites; (3) dolomite and calcite. 
Von Beust ^ and Pofepny are of opinion that the Rodna deposit is 
of metamorphic origin, formed by the eruption of the andesite ; 
while, on the other hand, Grimm ^ regards it as an ore deposit 
originally formed in the limestone, and subsequently split up by 
the eruption of the andesite. 

The Transylvanian village of Vorospatak ^ lies in a deep valley 
five miles north-east of Abrudbanya, and is built upon a sandstone 
recognised as of Eocene age. In a westerly direction the valley 
is closed by a crescent-shaped mountain ridge composed of a 
hornblendic rock generally regarded as propylite, which must be 
more recent than the Tertiary sandstone, which it has broken 
through. Towards the south rises the bare and rocky mountain 
ridge of Csetatjc, composed of a much altered eruptive rock, 
probably propylite, which is impregnated with iron pyrites and 
traversed by innumerable irregular veins containing quartz, gold, 
iron pyrites, blonde, fahlerz, magnethi pyrites, galena, berthierite, 
calc s})ar, spathic iron ore,^Ac. Black clayey masses, called Glamm, 
containing fragments of mica schist and sandstone, traverse the 
productive rock in the form of veins and threads. This productive- 
ness is continued from the eruptive rocks into the adjacent Eocene 
sandstones, which arc traversed by numberless fissures filled with 
quartz, auriferous iron pyrites, faldorz, copper pyrites, calc spar, &c. 
Occasionally such fissures may be followed for more than 1 00 fathoms 
along tljeir strike and 30 fathoms in the direction of their dip. 

In 1873 no less than 416 mining companies were at work in the 
gold districts of Transylvania, giving em})loyment to 8,369 miners 
who, although a considerably smaller number than was formerly 
employed, still made their living by this industry ; in 1876, however, 
the number of companies was still further reduced to 383, employing 
6,613 miners. In 1877 this region produced 27,870 oz. of gold, 
20,108 oz. of silver, 4f tonnes of copper, and 1^ tonne of lead, of 
an aggregate value of £126,900.^ 

The Banat.^ — The eruptive rocks of the Banat and Servia, strike 
generally from north to south in a zone 190 miles in length. To 
these rocks, which are probably diorites, v. Cotta gives the collective 

^ Jahrh, d.k, k. gcol. Itelchsamt. 1869, p. 367. 

^ Berg, und Huttenm, Jahrh. d. k. k. Ssfer. Bergacad. 1870, p, 170. 

^ B. V. Cotta, Berg, vnd HUfknm. Zeit. 1861, p. 173. F. Posepny, Jahrh. d. k, 
k. geol. Beichmnst. 1867, p. 99. C. Doelter, ibid. 1874, p. 7. 

Oesterr. Zeitchr. vol. xxvii. 1879, p. 477. 

* B. V. Cotta, Berg, und HUttenm, Zeit. 1864, p. 118. 
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name of banatites. They are accompanied by crystalline slates, by 
Jurassic rocks, and probably also by rocks of Cretaceous age. At 
the junction of the eruptive and sedimentary rocks, the limestones 
become crystalline and enclose garnets, wollastonite, and vesuvianite. 
Associated with these rocks are irregularly formed contact deposits 
which contain iron pyrites, magnetite, and a great number of other 
minerals; among the sulphides, iron pyrites, copper pyrites, and 
blende predominate. The most important and best known mining 
districts of this zone are those of Rezbilnya, Moravicza, Dognazka, 
Oravicza, and Cziklova. 

The deposits of Rezbanya have been well described both by 
Peters^ and by Posepny.^ According to the latter the irregular 
ore deposits of this district represent cavities occurring as dislocating 
fissures. Peters gives a list of sixty-three difierent mineials 
occurring in these deposits. 


General Summary of the rRoinicrioN of METALLiFKRors Minerals in 
I lUNOAUY DURINO THE YeAR 1 881.''* 


Dearriittion of Ore. 

QimntitiCH. 

Values. 


Tonnes. 

FL»rins. 


Iron ore j 

•16.5,479 

1,2.50,263 

12.5,026 6 

40,730 4 

Copper ore 

7,889 

407,302 

Lead ore j 

i 1,386 

146,061 

14,606 2 

Zinc ore 

1,462 

47,129 

38, .591 

3,859 2 

Iron pyrites 

206,890 

20,689 0 

Silver and Gold ore, . . . 

e,267 

706,939 

70,693 18 

Ores containing Gold, i j 

1 


67,604 16 

Silver, Lead ami / i 

96,519 

676,048 

Copper ) 



7,921 8 

f'Olialt and Nickel ore . . 

137 

79,214 

Antimony ore 

767 

81,728 

8,472 16 

Quicksilver ore 

2 

3.50 

35 0 ; 

Manganese ore 

2,832 

21,308 

2,130 16 1 

1 

Total value of Metalliferous Minerals ) 

3,617,694 

361,769 8 j 

produced in 1881 . . 

1 


^ Berg, xind Hilttenm. Zeit, 1862, p. 269. 

® Jahrb. d. k. k, geol. ReichsaM. 1875, p. 40. 

3 Inclusive of all countries belonging to the Crown of *St. Stephen, namely, Hungary, 
Transylvania, Kroatia-Slavonia, &c. From figures supplied by the Royal Hungarian 
Statistical Bureau. 
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ITALY. 

Nearly the whole of the geological formations, both igneous and 
sedimentary, are, to some extent, represented in Italy, and among 
the former may be included the eruptive rocks now being poured 
forth from the volcanoes of Naples and Sicily. These different 
formations yield, more or less abundantly, various useful minerals. 
Italy contains deposits of iron, copper, zinc, argentiferous lead, 
quicksilver, and other ores, which are, to some extent, treated 
in the country, but are, for the most part, exported. These 
deposits usually occur either as lodes traversing the older rocks, 
or in lenticular concentrations interstratified with their bedding. 
Lead occurs in combination with sulphur as galena, while zinc, 
principalJy as carbonate or silicate, is found in the Silurian 
rocks of Sardinia, and also to a small extent in the Triassic 
dolomites of Lombardy. Copper occurs in the older slates as 
copper pyrites, either in beds of various thickness as at Agordo, in 
the Aosta Valley, in veins in the serpentines and gabbros of 
Tuscany and Liguria, and, lastly, in quartz veins traversing some 
of the older rocks of Tuscany. Quicksilver is obtained from 
segregations of cinnabar occurring in the Eocene rocks of the Monte 
Amiata. Iron ores occur in various localities ; in the Aosta Valley, 
and in other places. Iji the Alps there are deposits of magnetite, 
which, although somewhat difficult to treat, yield an exceedingly 
soft iron. There are also extensive deposits of spathic iron ore in 
the Triassic sandstones of Lombardy, which, for the most part, yield 
ores rich in manganese, and, when smelted with charcoal, afford 
iron and steel of good quality. Brown iron ores occur in irregular 
veins and masses at Gualdo Tadino in the Central Apennines, and 
in the Atina Mountains. A limonite bod at Pazzano, in Calabria, 
somewhat extensively wrought by the ancients, was formerly worked 
by the State, and afterwards by j^rivate individuals, but was 
ultimately abandoned as unprofitable. 

The most important iron mines are those belonging to the 
Government in the Island of Elba, where the ore consists chiefly 
of haematite and magnetite deposited in irregular masses along the 
eastern coast of the island, where the proximity of the sea affords 
great facilities for shipping. The Kingdom of Italy is officially 
divided into ten mining districts, with a central office at Rome. 
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The head-quarters of the ten districts are severally situated at 
Ancona, Caltanissetta (for the whole of Sicily), Florence, Genoa, 
Iglesias (for Sardinia), Milan, Naples, Rome, Turin, and Vicenza.^ 

Gold. — A considerable number of localities in Italy were 
‘known to the ancients as producing gold, but the only mines now 
of any importance are those situated in North Piedmont, where 
veins of quartz containing auriferous pyrites are enclosed in 
non-fossiliferous slates and schists. The mines of tin's district were 
extensively worked in tlie time of Pliny, who states that the 
Senate limited the number of slaves to 5,000 in order to preveiit a 
reduction in the price of the precious metal. The principal 
amalgamation works are situated on various streams near the 
foot of Monte Rosa, a considerable amount of gold having been 
found in the valleys of Anzasca, Toppa, and Antrona. The 
most important mines are those of Pestarena and Ynl Toppa, 
worked by an English company, where the ore consists of a 
granular auriferous pyrites. 

The production of gold during the year 1881 exceeded that of 
the previous year by 973 oz. 5 dwt. 23 gr., and tlio amount 
realised exceeded that obtained the previous year by XI ,985 ] 5.s. 1 d. 

The returns for 1881 were as follows : — 


oz. (hvt. fj;r. 

From Pestarena 5,084 0 0 value 
From Val ^J\q)pa 2,105 13 7 „ 

7,249 13 7 


£ fi, r/. 

1 7,522 0 5 

8,039 H) 10 

25,502 0 3 


At Pestarena the average .>icld of bar gold [xir ton <»f or<» 
treated was 1 oz. 3 dwt. 11 gr. ; being 83*3 per cent, oi' the total 
amount present. At Val Toppa I he yitdd of hai* gold per ton 
was 6 dwt. 10 gr. ; or 81*9 per c(*nt. of tlie gold present was 
extracted.^ 

’ The corps of Italian mining enp^incers has recently pnhlislicd, at tlic rcijiicst of 
the Minister of A^Trieiiltiiro and Oomincrco, a collection of inf('i‘('slirig shitislics 
relating to the mining industry of Italy, entitled “ Notizic statisticljo sullfj l!i(lij.stri.'i 
Mineraria in Italia dal 1860 al 1880,” home, 1881, a volume of more than 400 j>agf*s. 
This has been republished in the Jin-ue Unicfimellc dcjt MrncSj and has also )i(!(;n 
translated by C. v. Ernst, who has materially added to it from liis personal notes, 
and by extracts from “ I I’esori sotterranei dell’ Italia” by O. .Tervis, M vols. Turin, 
1873, 1881. These papers appeared in tlie (>CHlrrrmohiHcl}r. /^rilttchriff^ and have 
been separately published, in hook form, under tlic title of “ Die i^lontaiiindustrie 
Italiens,*’ by C. v. P>n8t, Vienna, 1883. 

* Report of the Pestarena United Gold Mining Company ^ December, 1881. 
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According to Jervis^ tliere \vere, in 1879, twenty-eight gold 
mines in Italy, producing in the aggregate 9,700 tonnes of 
auriferous ore. In 1880 the output of the Italian gold mines 
had increased to 11,709 tonnes of ore, worth .€23,699 ; as, how- 
ever, the Pestarena United Mines produced in that year gold to 
the value of £23,580 10.9. lOfZ. it leaves only £118 9.s. 2d as the 
value of the gold obtained in all the other mines in Italy. 

Silver. — The first silver ores were discovered in 1870 at the 
Monte Narha Mine, on the eastern coast of Sardinia,^ where the 
metal occurs in the native state, as sulphide, and sometimes as 
horn silver, or as pyrargyrite. Silver is now obtained from the 
mines of Monte Narha, Giovanni Bonn, Bacii Arrodas, and Correboi, 
in the east, and from Perda San Oliu, in the west, of the island. 
At Monte Narha the lode occurs in Silurian clay slate in the 
vicinity of porphyry, courses from east to west, and dips 70° north. 
The ganguo consists of (piartz, calc si)ar, and fluor spar, associated 
with clays and various silicates ; heavy sjKir is rare, and the lode 
contains argentiferous galena as well as true silver ores. 

In 1881, 771,600 oz. of silver were obtained from the Sardinian 
silver mines. 

Quicksilver.''^ — At Va-llalta, in the Agordino, a pyritic segrega- 
tion is worked which contains cinnabar; the mineral is poor, 
yielding only ^ per cent, of quicksilver. Cinnabar also occurs 
at Stazzema. 

Lead. — I'he most important lead mines of Italy are in the 
island of Sardinia, but there are also numerous de})osits of lead ore 
on the mainland, although they have, in very rare (^ases only, given 
rise to mining operations upon an extensive scale. In the mining 
district of Turin the production of lead ore was in the year 1880 
confined to the Tenda Mine, in the province of Cuneo. The ore 
produced is a finely granular galena, associated with copper pyrites, 
iron pyrites, and blende. It contains about 70 per cent, of lead 
with a little silver; its production in 1880 was fifty-six tonnes of 
ore worth £4*40. 

In the mining district of Milan the Brusimpiano Mine is worked 
on a vein from three to six feet in thickness containing galena, 
cerussite, iron pyrites, jamesonite, copper pyrites, and malachite. 
The Morso Alto is a lead mine, worked upon a lode tw*enty inches 

1 G. Jervis, “ DelFOro in Natnra,” p. 68, Turin, 1881. 

® 0. V. Ernst, “ Silbererzvorkommeii in Sardinieii,” Oesterr. Zeitschi\ 1876, No. 9, 
and 1877, No. 7. 

* Ri'V, Univ, vol. xi. p. 437, 1882. 
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in •thickness in syenite filled with quartz and heavy spar. The 
galena contains 70 per cent, of lead, and is rich in silver. These 
mines, together with the Sotto Cavallo Mine and Casa della 
Miniere Mine in the province of Como, with the Lanzani Mino 
recently opened near Bergamo, produced, in 1880, only G84 tonnes 
of ore, worth £3,566. 

In the mining district of Florence, tlie Bottino Mine is the only 
one which deserves mention, on account of the occuiTence of argenti- 
ferous galena. In this mine, wliich was probably Avorked by the 
Etruscans and Romans, the lode courses from north-west to south-east 
with a dip of 55° south-west, and consists partly of finely granular, 
partly of coarsely crystalline galena, all varieties of which are equally 
rich in silver. Fahlorz, bournonit<% and native antimony are, 
to a small extent, mixed with the galena, and the geodes some- 
times contain crystals of rare beauty. The gangue is quartz mixed 
with slate. The country rock is gneiss, mica schist, or talc schist, 
of Palaeozoic age. In 1880 the production was GOT tonnes, worth 
£2,355. No other lead mines on the Italian mainland are worthy 
of particular notice, since the jwoductioji of lead ows in the 
Vicenza district was for the same year only II tonnes, worth 
£115. 

The importance of Sardinia^ as a lead-prodiuaTig region is 
evident from the fact that out of tlio sixty lead minces now working 
in Italy fifty-four are in tluit island. 

The lead mines of Sardinia may divided into three types. 

1. Ore masses interstratiti(‘d in Silurian i‘Ocks, as at tlic 
celebrated mine of Montepoiii. 

2. Veins traversing Silurian clay slates, fis at Monte vccchio. 

3. Lodes traversing the Silurian lim(.‘st()nes, Malacalzetta, near 
Iglesias, represents this form of occurrence. 

The Montevecchio, wlii(‘h is without doubt one of the most 
important lead mines of Europe, is worked on a wide qnartzosc 
lode, and upon several leaders of less importance. The former, which 
is called the Great Lead Lode of Montevecchio, traverses the Silurian 
slate, almost parallel to its contact with the granite for a distance 
of 600 fathoms, and its outcrop may be traced in a straight line 
for a distance of nearly six miles from east to west, when it bends 
to the south-west ; it dips 70° north. The ore consists of galena 
mixed with blende, iron pyrites, heavy spar, siderite, and copper 

' Oesterr. Zeitschr. 1872, p. 3. “ Relazioue del Deputato Sella alia C^ommissione 
d’inchiesta sulle condizione dell’industria mineraria ncll’ Isola di Sardegna, 1871, 
Berg, und Hiittenm, Zeit. 1879, p. 165. 
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pyrites. The thickness of this great lode varies from 75 to 1*00 
feet. The Ingurtosu and Gennamari Mines arc also worked on the 
same lode. At the Marganei Reigraxius Mine there are two lodes, 
one in Silurian limestone with a quartzose gangue and much calc 
spar ; the other a contact lode between limestone and Silurian 
slate. The strike of the strata is north-north-west, and the dip 
south-south-west. The quartz lode courses from east to west and 
dips south. The upper portion was worked by the Romans, as 
lamps, tools, &c. have been found down to a depth of thirty-six 
fathoms. The strike of the contact lode is north-north -west with a 
dip north-north-east. The ore in this lode is poor in silver, while 
the quartz lode yields ore containing 70 per cent, of lead, and from 
55 to GO oz. of silver per tonne. 

The lode at Malacalzetta is enclosed in Silurian limestone, 
and varies in width from eighteen inches to seven feet six 
inches ; its course is east and west, and its dip 60° south. The 
veinstone consists of quartz and calcite with a little clay; the 
ore usually contains 74 per cent, of lead, and carries 40 oz. of 
silver per tonne. The depth of the main shaft is about ninety 
fathoms. 

Since the year 1840, Monteponi has been one of the most 
important mines in Italy. The galena here occurs neither in lodes 
nor in regular beds but in gigantic isolated columns of several 
hundred yards in height, which may be followed from north 15° 
west to south 15° east for a distance of 100 hxthoms. Fifty-seven 
of these columns have been worked ; they mostly occur at the 
contact of clayey limestone with dolomite. In addition to 
galena and other metallic sulphides, these columns are filled with 
calc spar and clay. The total length of the galleries in this mine is 
about twenty-seven miles. In 1838 this was the only lead mine in 
Sardinia. From 1832 to 1848 only 300 tonnes of lead ore were 
produced per annum, in 1861 the production had increased to 
6,382 tonnes, and in 1875 it reached 10,453 tonnes. The ore 
contains 70 per cent, of lead, and from 5 to 9 oz. of silver per 
tonne. 

In the year 1860, twelve lead mines only were working in 
Sardinia, employing 3,425 miners, and producing 9,1 65 tonnes of ore. 
In 1870, 5,047 miners were employed, and 25,000 tonnes of ore 
were produced. In 1880, 36,143 tonnes of lead ore were produced 
in Sardinia, worth £357,376. 

Zinc. — Zinc ores usually occur in Italy in association with those 
of lead, and this is particularly the case in the island of Sardinia. 
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On the mainland the mines of the Valle Seriana and of the Valle 
Brembana, in Lombardy, may be mentioned, but three mines 
only on the Italian continent are returned as productive of 
zinc ores. 

At Argentiera, near Auronzo, on the Tyrolean frontier, zinc 
occurs in irregular deposits in Lower Triassic slate, and in dolomitic 
limestones belonging to the Middle Trias. Parre, in Bergamo, is 
worked for calamine containing 40 per cent, of zinc. Costa Jels, 
near the latter mine, has been recently opened, lip to the 
year 1868, the Argentiera Mine appears in the official returns 
with an average annual production of only 200 tonnes. In 1869 
the two other mines are noticed ; their production began with 1 20 
tonnes and increased year after year until, in 1879, their yield was 
8,000 tonnes. 

The deposits of zinc ore worked in Sardinia by the Malfidano 
Company are of two kinds, but, for the most part, they partake of 
the character of bedded veins ; this is the case at Malfidano, Genna- 
Arenas and Planu-Sartu. Sometimes, however, they occur as 
chimneys of ore bearing no apparent relation to the stratification 
of the enclosing limestone, excepting that they preserve the same 
dip, which is nearly perpendicular, as at Planeddu and Monte 
Reggio. The enclosing limestones are supposed to be of Silurian 
age. The most important of these deposits is that of Malfidano, 
discovered in 1865, which contains calamine, blende, galena, and 
cerussite, which are irregularly mingled, without any recognisable 
order of succession ; calamine, however, predominates to such an 
extent as to constitute seven-eighths of the whole. The deposit 
of Malfidano takes the form of an immense segregation parallel 
to the stratification of the limestone, but its limits have 
not, as yet, been accurately determined. This deposit appears to 
have two branches, in the more important of which the calamine 
is generally distributed in chimneys which are parallel to the 
bedding of the limestone. These chimneys, which vary consider- 
ably in their horizontal dimensions, have sometimes a thickness of 
sixty feet. When several of these unite, which is not unfrequently 
the case, the ore sometimes extends in the direction of its strike for 
a distance exceeding fifty fathoms. In other cases the calamine 
is distributed in branches of varying thickness, but, in both 
instances, the distribution of the ore follows the dip of the strata. 
It is on this branch of the deposit that the mine of Malfidano, 
properly so-called, is situated, as the other contains but few workable 
deposits. 
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At Planeddu the deposit has the form of an inverted truncated 
cone, the larger base reaching the surface, where it presents an area 
of about 1,400 square yards; thirty fathoms from the surface, 
however, the area becomes reduced to 132 square yards, and 
below that depth tljere is no mineral of any importance. The 
ore, which appears to be to a large extent worked out, is 
principally earthy calamine carrying from 39 to 42 per cent, 
of zinc. 

At Monte Reggio various concentrations of calamine occur in 
dolomitic limestone, and of these the mass bearing the name of 
‘‘ De la Route ” is the most important. It measures 50 fathoms in 
length by 15 fathoms in widtli, and has been worked to a depth 
of 25 fathoms without reaching its inferior limit. The ore, 
for the most part, consists of white calamine, which is nearly 
pure carbonate, and of ycdlow'ish calamine, covered with crystals 
of silicate of zinc. With these are associated calcito and 
a ferruginous gossan containing a small proportion of zinc. 
The ores obtained fi’om this mine are rarely or never associated 
with metallic sulphides. The Geima-Anmas Mine, to the west of 
Monte Reggio, has not been wrought to any considerable extent, 
but the deposit consists of hmticular masses, either isolated or 
connected by branches of calamine. 

The Planu-Sartu concession contains two separate deposits, 
known as the north and south ore bodies. With the exception of 
Maliidano, the south body is the most important as well as the 
most regular deposit belonging to the company. Its general strike 
is nortli 25'" east, and its out(;rop can be traced for a distance of 
185 fa thorns, and is from 20 to 25 fathoms in width. At tlie surface 
the ore forms a series of lenticular masses, arranged like a string 
of beads parallel to the bedding of the enclosing limestone. In depth 
the walls of these ore bodies approached each other in such a w^ay 
that it was at one time feared they were about to give out- 
Subsequent explorations, however, showed that at still greater 
depths there are vein-like masses of considerable thickness, and of 
greater regularity than are usually found in deposits of calamine. 
Five of these varying from 4i to 15 feet in widtli have been 
met with, and have been remarkable for their continuity in depth ; 
at some points they opened out to a width of nearly forty feet. 
The colour of the ore varies from white to nearly black, and the 
texture is as variable as the colour. The north body, which 
is parallel and analogous to the south, is comparatively un- 
productive. 
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• The following statistics relative to the production of zinc ores 
in the island of Sardinia, will serve to indicate the progress of this 
industry since its commencement in 1805.^ 



No. of Mines 

Tonnes of Ore 
])rodiiced. 

j No. of Miners 

1865 

1 

41<) 

35 

1870 

Jl 

02,000 

, 2,102 

1875 

13 

58,165 

2,315 

1870 

' 24 

63,030 

2,713 

1880 

i — I 

67,551 



Copper. — In the Aosta Valley, mining district of Turin, 
are situated the copper ]niiu‘s of San Marcello, C-liamp (h‘ Praz, 
and Ollomont. The latter, which is of esp(‘cial im]H)rtanc(% was 
opened at the h(‘ginning of the last ctuituiy ; tln^ ore Inang a 
cupriferous iron pyrites containing, on an av(‘rag(', .‘1 pea* ciuit. of 
copper. The deposit occurs in f‘hloritic scliist associated with 
granite, and is conformahly stratifi(‘d, its cours(‘ l)(‘ing north- 
west, with a dip of 40" towards tin* south-west; thi^ ga,ngne 
consists of quartz, hornhlcndci, chlorite, tale, and calc spar. 1'hc3 
other copper ore (lej)()sits in the Alps an^ of no sp(‘ciaJ ini- 
]K)rtaiicc. Three mines were working in this dist rict in 1880, the 
production during that year being 2,404 tonnes of copper ore, 
worth £(),()9G. 

In Liguria, mining district of Genoa, the mines of Monte Lf>rcto, Lc 
Cascine, and Libbiola, may be mentioned as fairly i>rodnctive. TJieao 
are worked on copj)er pyrites and cujaiferous iron j)yrites, occurring 
in veins of quartz and calc s])ar, enclosed in scu'pentincj and diorite. 
The Loreto Mine was opened in 18.57, and old Itorrian workings, of 
which there is no reexml, were then discovered. Le Cascine is worked 
by an English company. Libbiola lias been worked since 1860. In 
1874 a deptli of about seventy fathoms had been attained, and the 
adits and levels had then a total length of 2,187 fathoms. The ore, 
which contains from 7 to 12 per cent, of copper, goes to Swansea. 

The total production of tlic tliree copper mines in the mining 
district of Genoa was, in 1880, 5,062 tonnes, worth £17,095. 

In the mining district of Vicenza, in the Cordevolc Valley, 
is the ancient mine of Agordo,^ worked on a thick deposit of 

^ ** Notizie Statisticlic sulla Jiidustria Mineraria in Italia dal 1800 al 1880, 
Rome, 1881. 

* B. V. Cotta, Berg, und Hiitlenm, Zeit. 1862, p. 425. Bauer, Oealerr, Zeitachr. 
1863, p. 101. B. Walter, Oisferr. Zeitschr,^^^, p. 114. A. Si. Selimidt, firrg. und 
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cupriferous iron pyrites, containing a little galena and blende. 
Tbe ore is enclosed in a clay slate, which becomes very quartzose 
near its junction with limestone or sandstone. This deposit has 
been followed for a length of 300 fathoms in the direction of its 
strike, and for above 100 fathoms on its dip. The average thick- 
ness of the mass is about sixty feet, and the ore contains 1*80 
Cu, 3 Zn, 39 Fe, 50 S, 1*4 As, and SiOg 5 per cent. This mine 
belongs to the Italian Government. B. v. Cotta describes the form 
of the deposit at Agordo as that of a “ flattened sausage,’' and 
compares the light slate surrounding it with the Skolar of Fahlun. 
A. V. Groddeck classes it with his “ Pyrites bed type,” which includes 
Fahlun, Ducktown in Tennessee, Schmollnitz, Rammelsberg, Rio 
Tinto, and Tharsis. 

The production of Agordo has recently been as follows : — 


Tonnes. Tonnes. 

1875 14,954 1878 11,498 

1876 12,291 1879 11,039 

1877 12,622 1880 14,872 


The value of the production of the year 1880 was £5,719. 

The copper ore deposits of the Tuscan Apennines, mining 
district of Florence, have given rise to various important mines. 
Between Genoa and the sources of the Tiber and Metaura, num- 
erous masses of eru])tive rock burst through Cretaceous and 
Tertiary beds on both sides of the Apennines. The latter rest 
conformably upon the former, but they are difficult to distinguish 
petrographically, altliough separated by the Nummulitic horizon. 
The eruptive rocks are gabbros and serpentines, and in the vicinity 
of the junction of these rocks with the sedimentary formations 
occurs the so-called “ Qahhro rosso ” which is weathered red by the 
peroxidation of iron. J. Cocchi distinguishes, in addition to the 
older eruptive rocks associated with the serpentines and belonging 
to them, always marked by the presence of diallage, a more recent 
serpentine enclosing no diallage, which traverses the older rocks in 
the form of veins. This serpentine frequently contains deposits of 
sulphuretted ores, especially those of copper. 

The most important copper vein yet discovered is that of 
Monte Catini,^ which occurs in Qahhro rosso, or melaphyre according 

HUttenm. Zeit. 1867, p. 243. See also v. Groddeok’s paper on “Seridte Rocks,* 
quoted on p. 264. 

^ G. V. Rath, Zeil^chr. d. d. gr.ol, OescUsch. vol. xvii. 1865, p, 282. A. v, 
Groddeck, “ Die Lelire von den Lagei-stiitten der Erze,” Leipsig, 1879, p. 150. 
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to G. V. Rath, who is of opinion that the serpentine was originally 
a cupriferous olivine, and that, on its conversion into serpentine, 
dislocations and contortions in the bedding took place. The lode is 
enclosed in a very brittle red gabbro, and is filled with broken 
fragments of that rock, together with pieces of diorite, euphotide, 
ophiolite, and serpentine. It courses from east to west, at first 
with a dip of 45° north ; but later, at a depth of sixty fathoms, it 
turns over to the south, and at this point the vein is above ninety 
feet in thickness. The pure ore contains Ou 32 '79, Fe 29 ‘75, S 
36*15, Gangue '86 per cent., and averages from 20 to 30 per 
cent, for copper ; native copper also frequently occurs. 

This lode was worked by the Etruscans ; but under the Romans 
mining was less actively carried on, as the Tuscan mines 
could not compete with the richer workings of Spain and Cyprus. 
Monte Catini was also worked during the early middle ages, but 
was brought to a standstill by the plague in 1630, and the 
workings were not subsequently resumed for more than a century. 
The third epoch of the prosperity of this mine is of comj)ara- 
tively recent date. 

The Etruscans, with their narrow shafts and eontrachjd levels, 
penetrated only into the uppermost rich horizon ; in the middle ages 
the workings were deeper ; while recently they have reached a de])th 
of 170 fathoms. In the year 1845, 900 tonnes of oni were produced, 
containing 30 per cent, of copper, and in 1850, the production reached 
3,000 tonnes. Many horizons were then wrought at the same time, 
and several of the richest were worked out, while corresi)onding 
riches were not iriet with in depth. In this way t.ho production 
quickly became reduced, and in 1870 the mine was stopped in 
consequence of a lawsuit. Since that period, however, under 
the direction of M. A. Schneider, the annual production again 
reached from 1,000 to 1,200 tonnes. According to Reyer,^ the 
eruptive rock-mass with which the ore is associated, is surrounded 
by more recent marls, and consists principally of red gabbro, which 
in places becomes green and resembles serpentine ; the miner, he 
states, erroneously calls the green eruptive masses “ serj)entinc,^^ 
and the red ''gabbro.'^ On the south flank of this igneous mass, 
between the eruptive rock and the marls, the famous copper deposit 
occurs ; it courses east and west for a distance of about 300 fathoms, 
and is rich in ore so long as it traverses the eruptive mass. 

The engine shaft is 172 fathoms in depth, passing 
through the eruptive rock, the ore deposit, and lastly into the 
^ E. Keyer, Berg, und Huttenm, Zeit. 1882, p. 32.'>. 
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older marl. The main adit is about 1,100 fathoms in length, and 
the lode, which is large, varies considerably in thickness. 



I'lo. 08.— Monte Catini ; transverse section. 


Figs. 68 and 60, after A. v. Groddeck, represent two vertical 
sections of the Monte Catini copper deposit in which a is mela- 
phyre, I serpentine, c conglomerate of melaphyre and serpentine, d 
limestone and marl, and c masses of copper ore. 



Fio. f)9.— Monte Catiiii ; transverse section. 


The Capanne Vecchie copper mine also appears to have been 
worked by the Etruscans, but was first re-opened 1846. The ore is 
copper pyrites occurring in amphibolite as country rock ; the lode 
courses from north to south and dips east. The ore usually 
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contains Cu 18*01, Fe 43*33, and S 30*35 per cent., with traces of 
gold. Several other copper mines are working in Tuscany, but they 
are all of subordinate importance. The total production of the Tuscan 
copper mines in 1880 was 9,361 tonnes of ore worth £40,673. 
In 1879 thirteen copper mines were at work in Italy, employing 
J,366 miners, and producing 20,751 tonnes of ore. 

Tin.^ — E arly in the year 1875, during the prosecution of some 
excavations for haGmatite in the vicinity of Campiglia Marittima,, 
masses of a heavy material attracted the attention of the foreman 
in charge of the work, who, on account of its uncommon weight, 
put aside apiece of the stone. Some fragments of this mineral 
having come under the notice of M. Blanchard, a French mining 
engineer, he forwarded them to London, where they were found 
to consist of cassiterite associated with calcite and ferric oxide. 
Campiglia Marittima is a small town situated about four 
English miles from the Tuscan coast, and thirty-five miles south- 
east of Leghorn, It was in one of the excavations, made either by 
the Etruscans or Eomans, two miles south-east of Campiglia, that 
this discovery of cassiterite was made. This ancient mine, now 
know n as the Cento Camerelle, consists of a number of small 
excavations connected by galleries cut out of hjemitite and 
limestone in the flanks of Monte Fumacchio. The infiltration of 
calcareous waters during tw^enty centuries had here deposited a 
stalagmitic crust, of from five to ten inches in thickness, on the 
walls, and it is not improbable that tlio mine was abandoned 
after the destruction of Populonia by Sylla. During the middle 
ages no mining was carried on, and in 1858, when M. Blanchard, 
accompanied by M. Simonin, visited the mine, they found it in- 
habited by legions of bats, while on the floor had accumulated 
a deposit of guano, sufficient to form the object of an industrial 
enterprise. In 1872 M. Charlon commenced excavations for 
haematite, but in 1873 the property came into the hands of the 
present owners, and was worked for iron ore upon a considerable 
scale. A tin lode was discovered about forty-five feet west of 
the most extensive ancient workings. Its direction was at first 
nearly east and west, but it varied greatly both in size and strike, 
while the cassiterite was occasionally wholly replaced by haematite. 
The sun*ounding limestone is of Lower Liassic age, and as the 
excavations proceeded it was found that the cassiterite came from 
a horizontal bed of iron ore in which the Cento Camerelle had been 
excavated. On the outer borders of this the tin ore made its 
^ Iron, vol. xiv. 1879, p. 166 ; E. Keyer, **Zinn.’' 1882, p. 156. 

A A 
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appearance in irregular pockets, and in fissures in the limestone. 
It thus became evident that the workings might have been made 
for the extraction of cassiterite, and when they were at length 
reached, there were found, upon removiug the concretions from 
the walls, more or less abundant traces of that mineral. In 1877 
twenty-one tonnes of tin ore were obtained from this mine. 
Another mine on the east of the Monte Fumacchio produced, 
in 1877, several tonnes of tin ore of an inferior quality. These 
mines produced, in 1878, 81 tonnes of tin ore, worth £384, in 
1879, two tonnes, worth £16, and in 1880, 16 tonnes, worth 
£128. 

Manganese. — Manganese ores occur principally in Liguria, 
Tuscany, and the island of San Pietro on the south-west coast of 
Sardinia. In the first-mentioned province they occur stratified in 
Tertiary rocks, while at San Pietro they are enclosed in trachytic 
tuffs. They are, for the most part, worked in a very primitive way, 
and have never given rise to mining upon an extensive scale. 
Some of the ores of Sardinia only are of importance on account of 
their high percentage of j)eroxide. Jervis gives a list of ten 
manganese mines working in Italy in 1881. The Praborna Mine, 
in the province of Turin, is worked for hausmannite, pyrolusite, 
and manganite; the deposit being 24 feet in thickness and 
enclosed in a chloritic schist. At Cerchiera, in Genoa, the ore 
is amorphous, compact, of a violet black colour, mixed with some 
red haematite, and traversed by strings of calc spar, forming a 
bed twenty inches in thickness. 

At Monte Argentario, in the province of Grosseto, a brown iron 
ore very rich in manganese occurs ; it was extensively worked from 
1874 to 1879, and the workings were resumed at the close of that 
year. The richer ore contains from 30 to 39 per cent, of manganese, 
and from 4 to 11 per cent, of iron ; the poorer kind contains from 
30 to 35 per cent, of iron, and about 18 per cent, of manganese. 
It is chiefly sent to England for making ferro-manganese. 

At Capo Becco and Capo Rosso, in the island of San Pietro^ 
there is a bed of pyrolusite twenty inches in thickness containing 
60 per cent, of manganese. The ore is much in demand for 
chemical purposes. 

Iron. — Although rich in iron ores, which were worked even in 
pro-historic times, Italy, on account of the want of mineral fuel, does 
not produce a suflBcient amount of iron to meet the requirements 
of the country. The most important iron-mining districts are 
situated in Piedmont, Lombardy, and the island of Elba. 
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• Piedmont was formerly an important iron -producing country. 
Veins of magnetite occur in the Aosta Valley, at Cogne, and at 
Traversella, which formerly gave rise nut only to numerous 
iron mines but also to the erection of blast furnaces. The 
Licony Mine in the Cogne Valle}'^ is mentioned so long ago as 
the year 1300. This very extensive deposit varies from CG 
to 1)8 feet in thickness, and consists, principally, of compact 
magnetite free from pyrites. The ore is of excellent quality 
and yields about 50 per cent, of iron, being interbedded between 
yellowish limestone and talc schist. The Larcinaz Mine lies north 
of the preceding, and has been opened on the continuation of the 
same deposit of magnetite. Spathic iron ore occurs in the vicinity 
of the limestone, and asbestos is found in both mines. The St. 
Oyen Mine, in the Great St. Bernard Valley, was worki‘d by the 
Government from 1825 to 1831, but was then handed ovi*r to a 
private company. Both spathic iron ore and magnetite are 
obtained in this mine, and limonite occurs in the neighbourhood 
of the outcrop. 

One of the most important iron ore d(‘posits in Italy occurs in 
the Chiusella Valley, and is now being actively worked. In 1835 
there were at Traversella in this valley 80 iron mines, wdiich produced 
7,837 tonnes of ore, yielding 3,374? tonnes of cast iron. Ten years 
later the production had risen to 10,000 tonnes, but subsecjuently 
again declined to 1,400 tonnes. At the pnsscuit time only fiv(^ 
mines are in operation. Crystalline magnetites with a granular 
structure, yielding from 40 to 50 jicr cent, of iron, forms the mass 
of the celebrated deposit of Traversella, which courses from north- 
west to south-east and has an almost j>eii)endicular dif). The ore 
forms beds, or j)erhaps contact veins, in gieenstone, and is accom- 
panied by dolomite, calcite, (piartz, and cbloritc. A rock, containing 
garnets and quartz, divides the main mass of the deposit into two 
parts. Copper pyrites, compact iron pyrites, galena, and a great 
number of other crystallized minerals, wliicli are represented in 
all the principal mineral collections of Europe, have made this 
deposit universally famous. 

In 1880 the mining district of Turin produced 1,813 tonnes of 
iron ore, representing a value of £880. 

Iron occurs in Lombardy as magnetite at Zebru and Saviore ; as 
ochre in the older slates near Bormio, and lastly in the Triassic 
dolomites as spathic iron ore ; the last only being of importance. 
This mineral occurs regularly stratified, in beds varying from a 

A A 2 
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few inches to nine feet in thickness, in the lower Triassic saixl- 
stones as well as in the clay slates above them. Veins of this ore 
also occur beneath the Trias, but they are only of subordinate 
importance. The iron-ore zone extends from east to west for a 
distance of from nine to twelve miles into the mountains; the 
annual production being, on an average, about 25,000 tonnes. 
The most iini)ortant mines are at Pisogne, in Valcamonica, in 
Val di Scalve, and in Val Trompia. 

In Sardinia luematite occurs in the Silurian rocks of Acquaresi, 
Pordasfcerria, and Funtanaperda near Iglesias; magnetite in Perda- 
Niedda and San Leone, to the west of the Gulf of Cagliari. Of 
these only San Leone has attained any importance. The magnetite 
from this locality contains about 54 Fe, 1T2 Si O 2 , ’76 AlgOg and 
0105 P per cent. The main lode courses from north to south 
and, in the west, closely approaches the granite, which assumes 
the character of syenitcj. Jervis is of opinion that the rock accom- 
panying tlieso magnetite lodes is contemjioraneous with the green- 
stones of the Alps, and es 2 )ecially with the serpentines. Subordinate 
veins of mngndite traverse the main lode from north -north -west 
to south-soutli-east, and from north-north-east to south-south-west, 
while at the crossings rich ore deposits occur. Tlie width of 
these sometimes reaches 26 feet. On the foot wall the gangue 
is quartzose; while on the hanging wall is magnetite varying 
from 26 to 33 feet in thickness, mostly mixed with garnets. 
The hanging wall consists of quartzose slate, which is separated 
from the lode by a distinct clay selvage. As long as the ore was 
worked by open-cast it yielded a profit, but wdicn an adit had 
to be driven, the production, which was formerly considerable, 
sank in 1877 to 13,300 tonnes, while in 1879 and 1880 no returns 
were made. 

The iron ores of Elba occur in veins and more or less 
irregular beds along the east coast of the island, and are worked at 
five different mines, namely ; Rio Albano, Vigneria, Rio, Terra- 
nera, and Calamita. Of these Rio Albano, Vigneria, and Rio, are 
the most important. The mineral consists of oxides of iron ; namely, 
hiematito, limonite, red iron ore, and magnetic iron ore, with siderite; 
the gangue is (juartzose, and iron pyrites is often present. The iron 
ore is found in beds from 60 to 100 feet in thickness. The rock is 
mostly siliceous slate, which in places is overlain by limestone, the 
age of which has not been determined. The ore is obtained by 
open-cast workings, and more than 1,000 miners are employed. 
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The production of the different mines in the year 1870* 1880 
was as follows : — 

Tonnes. 

Rio Albano 32,185 

Vigneria 20,192 

Rio 191,953 

Terrancrn • 17,909 

Calamita 12,083 

Total 274,322 


The total production of tlie island of Elba in the year 1 880-1881 
was 403,21 5 tonnes. The Italian Govornment is, howev^or, rc‘ported 
to have now restricted the exports of iron ore from Elba to 
250,000 tonnes yearly. 


SUMMAIIY OK THE PllOOUCTION OF METATiLTFKROlJS MlNEUALSl IN' ITALY 

DKiuNo 'jaio Yea II 3880.^ 


Des{;rij»tIon of Oro, 

Quantitii'H. 

Vnl lies. 




Tonnes. 

T.ire. 

£ 

Iron ore 

290,974 

3,127,848 

125,114 

Zinc ore 

76,089 

4,397,816 

175,912 

Lead ore 


9,096,197 

363,848 

Copper ore 

82,299 

1,754,819 

70,192 

Silver ore 

1,802 

2,229,159 

89,166 

Gold ori^ 

11,709 

592,479 

23,699 

Quicksilver, metal lie . . 

115,940 Kg 

579,700 

23,188 

Manganese ore 

6,r>or> T. 

214,390 

8,575 

Antiirionv ore 

402 

80,400 

3,216 

Iron pyrites 

4,66.‘I 

56,769 

2,270 

Till ore 

16 

3,200 

128 

Total value of Metaliilerous Miue.rals } 
produeed iu 1880 S ! 

22,132,777 | 

886,308 


GREECE. 

But little is accurately known relative to the geology of Greece.’-^ 
The lowest beds consist of crystalline schists and granular lime- 
stones, in which no vestige of either animal or vejgetable life has 

1 Kotizie Statistiche sulk Industria Mintiraria in Italia dal 1860 al 1880,” 
p. 406, Rome, 1881. 

® A. Cordelia, ** La Grece sons le rapport geologique et iniueralogique,” Paris, 
1878; ihid. “ Le Laurium,” Marseilles, 1869; Ibid. “ Mineral ogisch-geoJogische 
Reiseskizzen aus Griecheiiland,” Berg. uml. JJuUfnm, Zeit. 1888, j>p. 21, 85, 41, 57 ; 
Ibid. “ Description des prodnits des Mines du Laurium h la troLsieme periodo 
Olympienne,” Athens, 1875 ; Ihid. “ Ilcpl rwv orKcopiwv koI ttvs MirtiWovpyiKris 
' ' 'li,’* Athens, 1865. 
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been found. After careful examination, Cordelia has arrived Ut 
the conclusion that the marbles of Paros and Laurium are entirely 
destitute of fossils. The siliceous limestones of the Peloponnesus, 
forming the base of the Secondary rocks, are without fossils, and it 
appears to have been assumed that these crystalline sedimentary 
formations likewise belong to that period, the fossils which they 
originally contained being supposed to have become affected by 
the action of agencies which eventually resulted in their dis- 
appearance. The greater portion of the Cyclades, Euboea, and a 
large proportion of the continent of Greece consists of such rocks, 
which sometimes rise to an elevation of (),o00 feet above the sea 
level. Among these, crystalline mica scliists predominate. The 
metalliferous mica schist of Laurium is composed, according 
to recent studies of M. Szabb, of a mixture of biotite and 
andesine, and has a specific gravity of 2*60. M. Sauvage regards 
the phyllitos of Mount Pentelicus as of Cretaceous age, and bases 
this opinion on the discovery of a fossil bclemnite. Dr. Neumayer 
agrees with this hypothesis, having in 1 873 found a Cretaceous fossil 
in the vicinity of the Acropolis. The numerous quarries of crys- 
talline limestones near Laurium have not yet shown a single trace 
of any organism excepting a partially obliterated cast, found by 
Cordelia, resembling a Silurian crinoid; there is consequently 
great difficulty in determining the age of these rocks. 

The oldest known fossiliferous rocks probably belong to the 
Cretaceous age, and it hence appears that there must be in Greece 
a considerable gap in the geological succession. Silurian, Devonian, 
Carboniferous, Permian, Triassic, or Jurassic rocks have not been 
discovered. The Tertiary rocks of Greece, which are well repre- 
sented, compose the northern portion of the Peloponnesus, and 
a large part of the mainland and of the Ionian Islands, as well 
as of many of the Cyclades. On account of their regularity and 
the number of well preserved fossils which they contain, they 
present a less difficult geological study than do the Secondary 
rocks. The most characteristic rocks of Greece are, however, of 
eruptive origin, principally trachytes. The plu tonic rocks include 
granite, porphyry, and serpentine. Among the volcanic series 
are such rocks as obsidian, perlite, and pumice. 

The mining industry of Greece, previously very limited in 
modern times, after being abandoned for 2,000 years began to be 
re-developed in 1861, the date of the promulgation of mining laws 
based on the French law of 1810. In 1864 a company was formed, 
Hilarion, Roux, & Co., to work the ancient lead slags of Laurium ; 
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afid in August, 1875, the SocUU Fran^m^ic dcs Mines dn Laurium 
was established with a nominal capital of 13,500,000 francs. 

Gold. — Gold is found in the sands of the rivers near the town 
of Skyros, and in the vicinity of the village of Doliana, in the 
Peloponnesus there is a bed of iron pyrites containing a little gold. 
This metal also accompanies silver in argentiferous galena ; but the 
known occurrences of gold alone are of no commercial importance. 

Lead, Silver, and Zinc. — Ores of lead, silver, and zinc, are 
the principal mineral products of Greece, but as they constantly 
occur associated in the same deposit it becomes impossible to 
describe them separately. Silver has not as yet been found in a 
native state, but occurs in association with lead in variable 
proportions. In the lead from the Laurium mines the average 
percentage of silver is greater than in that from any of the otlier 
mines of Greece. In the latter the maximum may be taken at 
*25 per cent. (81^ oz. per ton), wliile at Laurium the maximum 
sometimes reaches 1 per cent. (320 oz. 13 dwt. 8 gr. per ton), and 
never falls below *1 per cent. 

Argentiferous lead ores occur in mica schists, limestones^ 
granites, and trachytes, sometimes as in*egular masses, and 
sometimes in the form of lodes. Calamine was discovered by 
Cordelia at Laurium in 187i), and occurs both as masses and as 
independent veins in limestone, being sometimes mixed with 
argentiferous lead ore. 

The principal mineral district is that of Laurium, at the southern 
extremity of Attica. The rock is chi()fly a crystalline schist, in 
which are conformably interstratified subordinate beds or irregular 
lenticular masses of crystalline limestone. These strata have 
been broken through by granite, porphyry, and by more recent 
igneous rocks, to the influence of which the accumulation of 
metalliferous minerals is generally ascribed. The ferruginous, 
plumbiferous, and zinciferous deposits, which have followed these 
outbursts, have filled fissures and cavities in the limestone, and 
have also accumulated at the point of contact of the limestone with 
mica schist, thus forming irregular masses. Jn mica schist the ore 
generally occurs in the form of veins, but it is difficult to determine 
whether these were formed at the same time as the metalliferous 
enclosures, or whether they were subsequently produced. At 
Camaresa, the centre of the operations of the SociMe des Mines dn 
Laurium, one of the beds has been proved to be metalliferous over 
an area of a mile and a half square, and the contact deposits vary 
from three to twenty-two feet in thickness, while parallel ore-bearing 
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beds are found at various levels. Four of these were known to the 
ancients, and the existence of others below their deepest workings 
has been shown by recent investigations. The ores consist of 
galena, cerussite, blende, and zinc carbonate, associated with sul- 
phides and carbonates of copper, iron pyrites, and spathic iron ore. 
Generally speaking, the main portion of the ore bodies consists 
of galena more or less mixed with blende, while carbonate of zinc 
occurs partly on the walls and partly as separate deposits. A rare 
mineral, adamine, a zinc olivenite, appears to be characteristic of 
the ore deposits of this locality. 

The mines of Laurium were worked by the ancients with great 
skill and perseverance, the ore having been reached by means of 
numerous vertical and inclined shafts. Adit levels were not 
employed, as not only was the topography of the country unfavour- 
able to their construction, but the dryness of the mines also rendered 
them unnecessary. The working of the ancient mines was sys- 
tematically conducted, the ore having been extracted from the veins 
by stoping from one level to another, and from the beds by pillar 
and stall. When the ore was comparatively pure, it was all removed 
and pillars of dry masonry were substituted, but when the galena 
was much mixed with blende, forming an intractable mixture for 
smelting, pillars of veinstone were loft standing. In the thicker 
beds two floors were sometimes established, as is now the practice 
in working thick coal seams. The extraction of the ore was very 
complete, as even the metalliferous wall rock was invariably 
removed. Dry masonry appears to have been exclusively employed 
in the few cases in w' ich the walls or roof needed support. 
The tools used were picks, bars, and sledges, but fire-setting 
does not appear to have been resorted to for disintegrating the rock, 
which is not well suited for the employment of that process. 
Traces of the use of tools are constantly met with, and an iron gad 
found by M. Cordelia, although completely oxidized, still retained 
its shape. 

The ore was carried up the inclined shafts, probably in skin 
sacks, and the water must have been got rid of in the same way. 
In the inclines, the steps up which the men went are still visible, 
as well as are numerous niches for lamps, many of which have been 
found in place. From the circumstance that heaps of vein-stuff, &c. 
surround the perpendicular shafts, M. Cordelia is of opinion that 
the windlass and pulley were to some extent employed for hoisting. 
These shafts also served for ventilation, and at the top of some of 
them a sort of chimney has been found, in which a fire was 
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probably built to increase the natural circulation of air. The 
deepest shaft mentioned was 395 feet in depth, but none of them 
reached the sea level. A portion of the ore removed from the 
mine at this early period was too poor to admit of being economically 
smelted, and was consequently subjected to a process of concen- 
tration. Some of the appliances used for this purpose have been 
found under the slag heaps in a tolerable state of preservation. 

Water was scarce at Laurium, and large reservoirs were built 
for the purpose of storing a sufficient supply ; these were so strongly 
constructed that they might even now be employed for the purpose 
for which they were originally designed. The washing apparatus 
was so planned as to admit of the water being used over again 
continuously, and consisted of a sluice, some seventy feet long, 
provided in its length, at intervals, with small reservoirs or wells. 
Instead of being straight, this sluice formed several angles in such a 
way that its head and lower end were in close proximity, so that 
ore, placed at its head, could be washed by water baled or other- 
wise raised from the well at its lower extremity. In this way a 
current was established, and the ore washed by a stream of water 
constantly returning to the wells to be again used. 

The ore was smelted in small blast furnaces blown by hand 
bellows, the fuel being either wood or charcoal. The slags produced 
contained from to 14 per cent, of lead. The work lead, which 
M. Cordelia has reason to believe averaged *4 per cent, of silver, 
or about 130 oz. per ton, was refined by cupcllation. No 
part of the apparatus used for this purpose has been discovered, 
but the frequent occurrence of fused masses of desilverized litharge 
sufficiently proves the nature of tlic process by wliich it was 
obtained. The lead was assayed for silver in the usual way, and 
earthen cupels, of nearly the same form and dimensions as those 
now employed, have been found in the waste-heaps. 

Tlie period of the greatest activity at the Laurium mines, 
which, although belonging exclusively to tlie State, were leased to 
private individuals, was between 600 B.c. and the Peloponnesian 
War, a period of about 170 years. M. Cordelia estimates the 
number of workmen employed at this date at 15,000, all of 
whom, including the foremen and superintendents, were slaves. 
During the Peloponnesian War, Laurium was cut off from the 
capital, and the slaves revolted, after which the mines were worked 
fitfully and upon a reduced scale; operations being sometimes 
restricted to the re-smelting of the old slags. The mines were 
also worked to some extent under the Romans, but only through 
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the agency of Greek factors; and in the first century of the 
Christian era, Laurium was completely abandoned ; nor is there 
any evidence that work was ever recommenced until the year 
18G4. 

The aggregate amount of labour expended by the ancients was 
enormous ; some 2,000 shafts, averaging about 250 feet in depth, 
have been found, and the extent of the underground workings is in 
proportion. The (quantity of slag originally left was about 
2,000,000 tonnes, which M. Cordelia calculates must represent 
2,100,000 tonnes of lead and 8,400,000 kilogr. of silver, in addition 
to which the ancient miners left behind them millions of tonnes 
of halvans in the form of waste-heaps, containing from 1 J to 18 
per cent, of lead. The zinc ores were not worked. 

Some idea of the general mode of occurrence of the ores will be 
afforded by the following section. Fig. 70, after Cordelia, through 
the most important deposits of lead ore and calamine at Laurium. 



In the above section, a represents a more or less ferruginous 
limestone; &, middle crystalline limestone, in places somewhat 
siliceous, and impregnated with sulphuretted ores ; c, lower lime- 
stone (marble), which has not yet been sunk through by the new 
shafts ; d, middle mica schist of Camaresa, with lenticular inter- 
polations of limestone and quartz, including small lead veins. 
The thick upper mica schist, not shown in the section, rests on the 
upper limestone, a, of the Ripari Mountain. 

A mica schist, c, of lesser thickness, which almost always forms 
the hanging wall of the third contact deposit ; /, upper ore bed 
or first contact bed ; second ore bed ; third ore bed, much 
worked by the ancients ; ^, calamine. This mineral occurs in all 
horizons, but is most extensively developed in the foot wall of the 
third contact bed, where, at Camaresa, it is from 3 to 24 feet in 
thickness, and contains from 42 to 46 per cent, of zinc. Blende 
sometimes occurs with the calamine. 

A granite vein, /<;, courses from east to west, and dips 40° north ; 
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it ’is more or less weathered, and forms the hanging wall of the 
first rich calamine deposit discovered by Cordelia in 1869. The 
felsite vein of Camaresa, /, is 6 feet in thickness, traverses the 
entire mass, and contains rich lead ores under the tliird contact 
bed. Veins of calamine, coursing east and west, vary from 

8 inches to 4 feet 9 indies in thickness, and dip almost per- 
pendicularly, those in the lower limestone, c, being of especial 
importance. Numerous small lead veins, were worked by 
the ancients. 

Fig. 71 is a section, also after Cordelia, of the Jean Baptiste 
shaft, 68 fathoms in depth, the mouth of which is 577 feet above 
sea level. In this section, d represents mica schist, 144 feet in 
thickness, enclosing lead veins, n; o is an old level about 18 



F:(i. 71. — Laurium, .Tottii Baptiste Hhaft ; veitical sootlon. 


fathoms from the surface ; and <7, the second contact lead bed, 
18 inches thick. The limestone, is 108 foot in thickness; the 
mica schist, e, 4^ feet thick ; and h, the third contact lead deposit, 
16 feet in thickness. 

The calamine bed, i, has an average thickness of llj feet, 
and c is crystalline limestone. 

The most important mining company is the “Soci(5t(3 Fran- 
9aise des Mines du Laurium.'' The ores raised are galena and 
cenissite, very rich in silver, vrith blende and calamine ; the 
number of miners usually employed is about 2,700. 

The calamine of Laurium is richer than that of Sardinia, and 
is usually calcined previous to exportation. After calcination it 
contains on an average about 60 per cent, of zinc. The lead ores 
of Laurium are associated with blende, from which they are 
separated at ore-dressing works which have been erected for the 
purpose. 
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The production of the mines of this company in 1881 was ks 
follows:— 

Tonnes. 

Roasted calamine . 36,665 

Raw calamine 101 

Blende 246 

Lead ores 1,543 

Mixed ores 2,820 

Iron ores containing manganese . .... 847 
Argentiferous lead 1,722 


Total . . 43,944 

Various other mining companies are working in the district, 
such as the Sunium, the Austro-Belgian, the Pluto Company, 
the Soci(5t(^ d’Oiymp Lauriotique, &c., which, although they possess 
deposits of ore, have not as yet attained a large production. 

In the Sunium Mine, first opened in 1873, sixty men are 
employed, and up to the present time about 1,500 tonnes of zinc 
ore have been produced. The calamine here occurs irregularly at 
the surface, in limestone near the sea shore. 

There are numerous deposits of similar ores in Greece, 
among which may be mentioned the irregular mass of zinc ore 
in limestone at Mount Hymettus, and the argentiferous lead 
and copper lodes traversing the limestones and mica schists of 
Karysto. These deposits contain quartz, galena, chalcopyrite, and 
iron pyrites. The ore worked contains from 15 to 20 per cent, of 
lead, and from 800 to 1,000 grms. of silver per tonne of lead. 
Numerous veins of argentiferous lead have also been discovered in 
the islands of Antiparos, Siphanto, Zea, Anaphi, Milo, and Santorin. 

COPPEK. — Copper ores have been discovered at different places, 
sometimes mixed with lead ore, and at others isolated in the state 
of sulphides and carbonates. At Laurium the lead ore is more or 
less cupriferous. The ore at the Jean Baptiste shaft sometimes 
contains from 6 to 12 per cent, of copper. At Karysto the galena 
contains from 5 to 18 per cent, of copper. 

Manganese. — The Greek Government has recently granted a 
large number of concessions for so-called manganese mines ; but the 
majority of them refer to iron ores, containing manganese, and suit- 
able for the manufacture of Bessemer steel. In one of these mines 
only has pure manganite been found. At Andromonastiri, in 
Messina, rich manganese ore has been found, forming beds some- 
times eighteen inches in thickness, in Cretaceous rocks ; while at 
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P^racliora, in Corinth, a lode of good oxide of manganese has been 
discovered ; and in Milo pure manganese ore has been found, 
forming irregular masses in trachyte. 

Chromium.— Chromite frequently occurs in Greece ; but in a 
very irregular manner; sometimes in the form of impregnations 
only, and at others in more or less considerable masses enclosed in 
serpentine. At Vattonde, in Euboea, considerable quantities of 
rich chrome ore are worked ; the ore occurring in the form of thick 
veins traversing green serpentine. The ores supplied by the 
mines of the Euboea and Skyros are preferred on account of 
their superior quality. 

The limited employment of chromates, and the discovery of 
rich deposits in Thessaly and Asia Minor, which are worked 
open-cast, have, however, greatly affected the working of chrome 
mines in Greece, and the majority of thorn are now abandoned. 

Iron. — Greece is rich in iron ores, and the occurrence of iron 
slags in various localities shows that the iron ores not utilized 
at the present day were extensively employed by the ancients. 
Large masses of such slags have been found at Karysto, Seriplio, 
and in many other i)laces. In the slag-hc.'ips of Serijdio, a 
Carthaginian coin was found dating from the fourth century 
B.C. ; the period at which it may be supposed that this establish- 
ment was in operation. The iron ores generally consist of iron 
carbonate, haematite, and magnetite, forming irregular masses 
in the limestone, or at the contact of the limestone and mica 
schists. The greater portion of the ores contain manganese, those 
of Seripho yielding from 5 to 8 j)er cent, of this imjtal. 

In 1860 a company was formed to work the ores of Seripho, 
where brown lisematite was found near the si^a shore in the form of 
contact masses from nine to forty-five feet in thickness. This ore, 
which contains 50 per cent, of iron and about 4 ])er cent, of 
manganese, much resembles the brown hsematite of Bilbao in 
Sijain. In the interior of the island masses of magnetic iron 
oxide exist in the immediate vicinity of granite, but have not 
been worked. 

Cordelia gives the following as the mineral production of Greece 


in 1877 

Tonnes. Value. 

Zinc ore ^11,000 .... £104,400 

Lead ore 860 .... 0,120 

Magnesite 1,500 .... 1,800 

Manganite .... 50 ... . 240 
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According to Dr. Gurlt, the present average annual produc- 
tion of Greece is about as follows : — ^ 

Toniios. 

Zinc ore 0,000 

Lead ore 1,000 

Chromium ore 2,000 

Magnesite 1,500 


In addition to this, 10,000 tonnes of argentiferous lead are 
produced annually at Lanrium from the old slag heaps. 


SPAIN. 

Spain takes the lead of all other countries in the amounts of 
lead and quicksilver which it produces. The copper district of 
Huelva is one of the most important in the world, and the iron 
mines of Bilbao are famous both for the quantity and quality of 
their ores. The chief lead-producing province is Murcia, on the 
south-eastern coast, which affords two-thirds of the annual yield of 
the country, while' that of Santander, on the Bay of Biscay, leads 
in the production of Ssinc ores. The provinces of Santander and 
Murcia, together, afford nine-tenths of all the zinc ores raised in 
the country. Nearly the whole of the copper is obtained from the 
province of Huelva, in the extreme south-west, adjoining the 
celebrated pyrites dist? ‘ct of Portugal ; while iron ore is extensively 
mined in the neighbourhood of Bilbao and in the province of 
Murcia. 

Gold. — In Spain gold mines were successively worked by the 
Phoenicians, Romans, and Moors, and although the amount at 
present obtained is exceedingly small, it is believed that this 
country formerly yielded large quantities of the precious metal. 
Strabo and Pliny both mention Spain as a gold-producing country, 
and name various localities where it was obtained. 

M. Piette, who has devoted much attention to the subject of 
ancient mining in the Peninsula, is of opinion that formerly both 
Spain and Portugal produced gold, and, further, that it was obtained, 
not only from washing the sands of valleys and rivers, but also from 
workings in the solid rock. His investigations, however, led him 
to the conclusion that if the auriferous regions were originally rich, 


1 Dr. A. Gurlt, Glam'^s Annalen, 1882, No. 112. 
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thj^y had become almost totally exhausted previous to their 
abandonment ; since, during the whole of his examinations of the 
old workings, he met with only a few very slight traces of gold. 
Among the gold mines of the Peninsula, which have been worked 
in comparatively modern times, may be mentioned one near 
Talavera, and another at Domingo Flores, in Leon, which was 
wrought, intermittently, during a period of nearly a hundred years 
subsequently to its commencement in 1631). 

Silver. — The silver mines of Gaudalcanal and Cazalla, north 
of Seville, occur in mica schist, and were formerly very productive, 
but are now of little or no importance ; there were also formerly 
mines at a short distance from that city, which are said to have 
yielded large returns during some portion of the seventeenth 
century. Eich argentiferous galena is found in the Sierra 
Almagrera, and has been worked to a considerable extent. 

The most important silver mines of modern times were, how- 
ever, those of Hiendelaencina, situated in the province of Guadala- 
jara, seventy miles north-east of Madrid, These mines were 
discovered near the village of Hiendelaencina in 1843, and shortly 
afterwards a concession was obtained, and a mine commenced, 
which, in honour of the patron saint of tlie village, was called 
Santa Cecilia. Of the other mines subsequently opened the most 
remarkable were the Suerte, Fortuna, Verdad do Los Artistas, 
Kelampago, San Carlos, and Vascongada, all of which yielded large 
amounts of silver. There are numerous other lodes in the district, 
but only that on which the above mines are situated was worked 
with advantage. Its direction is nearly east and west, with a dip 
to the south, and its average thickness is not (piitc two feet ; the 
enclosing rock is gneiss, associated with mica scliists. The gangue 
is heavy spar, but quartz and speathic iron also occur. The ores arc 
principally argontite, freieslebcnitc, miargyrite, and ruby silver ore ; 
although galena, antimony glance, native silver, chloride and 
bromide of silver, are likewise present. The average yield of the 
ores produced was about 90 oz. per ton. 

The mines of Hiendelaencina, which were worked to a depth 
of 200 fathoms, began to decline in their yield in 1860, and in 1866 
the majority of them had already suspended operations. Since 
that period, we are without any statistics relative to their produc- 
tion ; but from the beginning of 1847 to the end of June 1866, the 
Hiendelaencina mines yielded 8,196,704 oz., Spanish, of silver; 
equivalent to 7,578,536 oz., English. 

Lead. — Lead is found in all the provinces of Spain with the 
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exception of Valladolid ; but the most important deposits of lead 
ore are those of Jaen, Murcia, and Almeria. 

The town of Linares, in the province of Jaen, is situated on a 
plateau of nearly horizontal sandstone of Triassic age, which has 
seldom a thickness exceeding thirty-five feet, and which reposes 
directly upon granite. Both the sandstones and granite are tra- 
versed by two distinct systems of lead veins, the more important of 
which strike either north-east and south-west, or east-north-east and 
west-south-west ; a smaller number, however, of broader and more 
irregular veins, comparatively barren and coursing east and west, 
are met with on the slopes of the Sierra Morena north of Linares. 
The ferruginous quartz, which constitutes the outcrops of the 
more productive system of veins, frequently forms projecting crests 
through which are scattered grains of galena, which gradually 
become more numerous as greater depths are reached. Generally 
speaking these lodes become productive at an inconsiderable 
distance from the surface, yielding galena, comparatively poor in 
silver, associated with blende, iron and copper pyrites, spathic iron 
ore, cerussite, and calcite, enclosed in a predominantly quartzose 
gangue. No decrease in the width of the veins had been observed 
at a depth of 135 fathoms and, as a general rule, they were found to 
be richer in their broader than in their narrower parts. The ore 
chimneys or bunches are nearly vertical, and as the lodes often 
divide into branches and subsequently re-unite, it not unfrequently 
happens that rich bunches of ore are found at the point of junction 
with one another. The larger veins, coursing approximately east 
and west, are composed principally of quartz and heavy spar enclos- 
ing iron pyrites, copper pyrites, and galena, poor in silver. The 
outcrops of these veins sometimes project above the surface of the 
sandstone to a height of several feet; the ores being usually 
disseminated in strings instead of being concentrated in chimneys 
as in the case of the smaller and more productive lodes. 

Among the undertakings under English management in this 
district are the Linares Mines, which yielded, in 1881, 4,312 tons 
of lead ore, while the mines of the Fortuna and Alamillos Companies 
produced respectively 4,344 tons and 3,533 tons during the same 
period. 

The Sierra de Cartagena ^ is composed of Silurian slates and 
limestones penetrated by trachytes and basalts, and surrounded at 
the base by rocks of Tertiary age. Both the Silurian rocks and 

' F. de Botella, “ Bescripciou geologica-minera de las provincias de Murcia y 
Albacete,*^ Madrid, 1868. 
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the trachytes in the vicinity of Aliiiazarron, some distance west of 
Cartagena, are traversed by a number of veins of which the 
direction approximates closely either to north and south or to 
east and west, and of which the dij) is usually almost vertical. In 
the stratified rocks the ores occur partly in fissure veins, and partly 
in strings or branches i)arallel to the bedding ; they also form 
lenticular or bedded veins, which are sometimes of considerable 
extent and thickness. These deposits often enclose fragnuuits botli 
of slate and trachyte, and must consequently bo more recent than 
tlie latter rock. They are usually coni] )osed of an irregular mixture 
of fermginous silica with galtma, iron and co]>per pyrit.i's, mispickel, 
magnetite, calcite, heavy S])ar, and ipiartz. 

Tlie broader ])arts of these veins are, for the most part, com- 
paratively barren, while the narrowi‘r portions and the branches 
are ofteai almost exclusively comjiosed of various inetaHic 
sulphides. Two other forms of lead dejiosit occur in the ])rovinc(i 
of Munua; tlie one forming impn'gnations of galima, ])yrites, and 
blende, in a coin])act greenish rock, while the other occurs in 
the form of beds, or })eddo<i vcmis, in limestone. 

The Si(Tra Alniagrera rises in the north-c‘,ast(‘rn jKU’tion of the 
province* of Alnieria, forming a nnige of about .1,000 fin^t in h<*iglit 
and fil’teou mihis in length, on tin* coast of the Mc‘(iit(‘rrau(*aii. 
Although it ris(‘S somewhat abruptly towards the soutlee.'ist, tla^ 
.slope in tin* contrary direction, towards tlie plains, is exin^mely 
gradual. It consists chiefly of mica seliist, passing into (day slate, 
and is fr(‘qiiently intersected by deep gorg(*s, and traver.sed by 
numerous veins, the most remarkable of which is the Jaroso Lode, 
iiariKxl after <mc of the maghbouring ravines. Tliis lode, towards 
the north, syilits into numerous branches, while to tlie south it is 
cut oft* b}^ a fault. Tin; portion wliich has been worked betwemi 
these two jioints is about 2,100 f(a‘t in k‘ngth. Tln^ strike, of this 
vein is almost due north and south, witli an average dip of 60° east ; 
its greatest width is twenty feet, and it frequently includes fragments 
of the country rock. Heavy sj>ar, spathic; iron ore, calc spar, nxl 
and brown iron ore, argentiferous galena, and iron and copjxu jiyrites 
form the filling of the fissure. This lode is distinguished ior the 
combed arrangement of its constituents, and for th(i number and 
beauty of its crystallized minerals. The vein material to a depth of 
eighteen fathoms consisted, for the most part, of decomposed clay 
slate, haematite, limonite, and heavy spar ; beneatli this followed the 
mo.st productive horizon containing rich argentiferous galena, with 
occasionally cerargyrite, associated with iron ores. Below the depth 

a a 
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of eigbty-two fatlioms tlie proportion of silver began rapidly to 
decrease, wbile boavy spar and bornstone became predominant. 
Ib V. Cotta suggests tliat the pre.seiice of very rieb ores below the 
depth of (.‘igbtiHiU fathoms, may j»ossibly be accounted for on the 
bypotliesis tliat tlie metals washed out of the gossans bad become 
concentrated in ibis zuno. 

Altliongli tlie eom])ed structure of this lode is very remarkable, 
1;be arrangc'ment of the sevx‘ral laycTS is by no means symmetrical, 
and it folloAvs tliat tla^y cannot have been the result of successive 
(h'posits on the sides of a single fissure. It may therefore be con- 
cluded that, the vein has been n'peatedly fissurcal, and that the 
re-lilling of tliese nmts has resultiMl in the want of symmetry 
observed. This b(‘comes tlui more ])r<)bable from the circumstance 
that, in tlie niiddki of the lode, lior.ses oc<*ur whi(di at a certain 
]K‘n<)d of its format ion ap|H‘;ir to liave formed tlic wall of an 
adjoining (‘omb. 

The im]>oitan(*e of lead mining in Spain Avill ho understood 
when it is stalinl that in ISSI that country ^inulueed Jb2(),8b.S 
toniH's of lead ore, and tliat out of HO.OOo ]h‘}‘sotis who o1)tained 
their living by mining 18,901) wctc employed in h^ad mines. 

ZlN<t — Tiu'- (\ant d)rian coast of S 2 >ain is rich in calamine, more 
especially the ])rovinc(‘s of Cuijnizcoa and SantandiT. At La Nestosa, 
(aiinillas, i'v.c., deposits of this ore occur in doloniitic limestone of 
Jurassic agc', partly in the form of veins, and jiartly as vcTy irn^gnlar 
d(^])osits, cont<aining, inineijially, calamine and galena, ddie (adamine 
is chiefly carbonate of zinc, althougli zinc silicate and snow-white 
zine bl(M>m luo also of frequent occurrence. The ores are often 
embedded in clay, and the centre of largo blocks is som(‘times formed 
of dolomite, thus indicating the origin of the ore. At gnjater 
depths crystalliztMl blende of a- bright brown i‘olour is found in 
concretionary masses, covered by concaaitric layms of lieavy spar, 
or, near the surface, partly convertiid into zinc carbonate. Calamine 
was first discovered in the north of Spain in 1852, and in 1862 
considerable attentior. bad become direck'd to this region by the 
large <and increasing qii;uitity of zinc ores which Avere being sent 
into tbe market. 

The zinc deposits in the provinces of Santander and Madrid are 
very fully desciibed by W. K. Sullivan and J. P. Olleilly.i These 
gentlemen conclude that the zinc carbonate, and perhaps also the 
lead carbonate, was originally precipitated from solution either by 

“ Notos on the Geology and Mineralogy of the Spanish provinces of Santander 
and Madrid,'* London, 1863, 
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carbonate of lime or by dolomite. In some instances tlu' replacement 
is so com]>lete that calamine passes insensibly into })ure dolomite, 
as at the A'enta Mines, and still more strikingly at the A'^icenta and 
Keoein Alines. Both the carbonates of calcium and magiu'sium 
ap]K\ar to have taken part in the decomposition ; but the mag- 
nesium carbonate, as the more soluble, appears to have bi'cn 
wholly nmioved, while some of the carbonate of calcium still 
remains filling joints, or forming a kind of conglomerate. 

CopPKH. — A zone of clay slate, 111) mih‘s in length, courses in 
a north- westerly direction through th(‘ ]uovinc(‘s of Huelva in 
Spain, and of Alemtejo in Portugjd, and (‘iicloses enormous deposits 
of cn])rif(Tous iron p}'ntes. 

In Spain the* ch‘]K)sits of llio Tinto and Tharsis are the most 
important. The age of the enclosing rocks is somc^what doubtful, 
many geologists lH‘li(‘ving them to hn of (‘illu'r Silurian or 
Devonian ag(‘. F. is of opinion that they belong to a low 

horizon of the (kilni~ineasnri‘s. 

iSh'.ar th(* ore (h‘j)osits, and ])arallel to tlnan, dykes of (piartz- 
}K>r])hyry often (X'cur, and Spanish g(‘ologists hav(‘ suggest(‘d a, 
eonnoxion Ix'tween the two; this, however, Ibhner do(‘S not f(‘^*l 
inclined to acce])t. Theses d(‘posits of enpriferons ])yrit.t^s consist 
of a s('ih'S of iiioro oi* l(‘ss continuous lenticular massc's running 
parallel with th(‘- bedding of tlie enclosing slab*, sonud inu's ext ('rul- 
ing to a great length, occasionally having awidtli (‘XCCtMling fifty 
fathoms, and composc'd of an intimab* adiuixtun^ of iron j'>yrit(‘s witli 
a little co])p(^r pyrites, through whieh strings of tluj latter niiiu'ral 
sonudimes ramify. Small strings of ])lack snljdiide ol c<.>j>]>er h'ss 
fro(]nontly trav(‘rse tlu' mass. 

At Kio Tinto tlu;; dej^usits of cn]»rifcroiis ])yrib.*s assume the 
form represented in Fig. 72. 'Jdu? slate, wliich stands nc'arly 
vertical, is altcr'cd in the immediate vicinity (jf the (l(i])osits by 
the action of the axad salts resulting from tlu^ decomposition of 
j)yrites, and not only bec.onu's softer hut also assunu's a- ycdlowish- 
white or- reddish-gr ey tint. Tins decomjxjsition of jiyrites procc‘(x1s 
with considerable activity, and it has been calculated that, since 
the mines were abandoned by the Roinaiis, from 70,t)00 to (SO, 000 
English tons of metallic copper must have In'cn cari’ic d into the sea 
by the Tinto River. 

The compact or finely crystalline pyrites, which frequently 
exhibits a stratification parallel to that of the country rock and 
exhibits similar joints and headings, contains, on an average, about 
* F. liomcT, Zeitschr. d. d. geol. Ocselheh. 187fi, p. Mi. 

J! li 2 



The Koman workings consist of numerous circular shafts, which 
are seldom more than thirty inches in diameter, in connexion with 
various tortuous galleries, which invariably follow the richer 
branches of ore. By becoming saturated with waters holding 
copper salts in solution, the ancient woodwork of the mines has 
been wonderfully preserved, while its tissues liave sometimes 
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I’lo. 7-. — J’yrites deposits, Kio Tiuto. 


become peimeated with metallic copper, resulting from the reduc- 
tion of its salts by woody fibre. In this way timber which has 
been employed fur suppoitiiig the ground, is often so perfectly 
preserved as to retain markings and letters cut by Roman miners 
eighteen centuries «ago. 

The drainage was, in Roman times, effected by a series of wooden 
wheels with buckets, acting somewhat in the manner of the eastern 
Tiwih, of which numerous remains have been discovered. Earthen- 
ware lamps of Roman workmanship are constantly found in the 
old workings, wliile implements and vessels of bronze have been 
occasionally met with. Still less frequently human bones have 
been discovered, which, by the action of copper salts upon their 
calcic phosphate, have assumed an appearance resembling that of 
turquoise. It may be here mentioned that some years since a 
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brohze plate was found at the entrance of a Roman gallery at Rio 
Tinto, recording the fact that it was commenced during the reign 
of Nerva, A.D. 96-98. 

Up to the present time Rio Tinto has been extensively worked 
in open-cast, the ores being in part exported, and in part treated 
locally for the copper tliey contain by a process of solution and 
precipitation. The very extensive scale upon which operations are 
conducted at Rio Tinto will be gathered from the following figures. 
The amounts of pyrites which w-ere produced during three recent 
years were as follows : — 


For Shipment. For Loeal Treatment. Total. 

In 1880 . . . 277,590 Tons ^ . . . 037,507 Tons . . . 015,157 Tons 

1881 . . . 249,098 ,, ... 743,949 ,, ... 993,047 ,, 

1882 . . . 259,924 ,, ... 088,307 ,, . . 948,231 ,, 


The average copper contents of the cuiiire quantity raised in 

1882 was 2‘805 per cent., and for the jirevious year 2‘7r) ])er cent. 
The amount of the (kimpnny’s ])yrifr‘S consumed in Eughuid, 

Germany, &c., during the same year was 272,820 tons, against 
274,201 in lcS80, and 25(3,821 in 1881. 

The copper produced during the year 3882 by tre.'iimcnt at the 
mines was estimated at 10,822 tonnes of 1,000 kilogr., and tliere 
w^ere actually brought to market 9,740 tons of 21 cwts., leavir^g 
the balance to bo carried forward to iiie next year. 

The following ar(‘ the quantities of nnitaJlic (■oj)per protluced 
at the mines yearly for sevcm ycxirs, nanndy 

In 1870, 970 tons of 21 cwts. in t. Jji 1879, 7,179 loins of 2J cwls. nt‘1. 

1877, 2,495 „ „ „ 1880, 8,5.59 

1878, 4,184 „ „ „ 1881, 9,400 „ 

1882, 9,740 „ 

Exclusive, in eacli case, of copjx'i* contained in the ])yrites exported. 

In addition to copper, Spanish and Portuguese pyrites contains 
from 20 to rh5 dwt. of silver per ton, together witli traces of 
gold, both of wliich were, for many yciars, not utilized. These 
metals are now, however, rccovere<l by the Claud (it process, and in 

1883 no less than 348,210 oz. of silver and 1,011 oz. of gold, 
which would otherwise have been lost, w^ere tlius obtained. 

The Tharsis and Calafias deposits, both lying west of Rio Tiijt(j, 
belong to the Tharsis Sulphur and Copper Company, and jtossess 
so close a general resemblance to those of the last-nainod locality 
as to require no special description. The total amount of pyrites 

^ English tons. 
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extracted from the Tharsis and Galanas Mines during the year 
1882 amounted to 486,860 tons, and shipment was made of 
212,218 tons of pyrites and 5,534 tons of copper precipitate. 

Quicksilver. — Mining for quicksilver was carried on at 
Almaden, in New Castile, at a very early period. Theophrastus 
speaks of the stony cinnabar of Spain, and Vitruvius mentions that 
cinnabar was found in that country and brought thence to Rome 
for treatment. Strabo states that this mineral was found in 
Turdetania (Almaden), and Pliny informs us that 10,000 lbs. 
weight of it was annually sent to Rome. 

The quicksilver deposits of Almaden occur in Upper Silurian 
slates, which are sometimes interstratified with beds of limestone, 
but the slates themselves, which arc much contorted, rarely contain 
cinnabar. The wall rock usually consists of black carbonaceous 
slates and quartzites, alternating with schists and fine-grained 
sandstones. 

The deposits of cinnabar strike east and west, incline, near the 
surfixee, at an angle of about 65°, and then dip almost vertically. 
There are three deposits, of which the most important are the 
San Francisco and the San Nicolas, each of which has an average 
thickness of above 20 feet. They are sometimes divided from 
one another by only two or three feet of soft slate, and at the 
135-fathom level are worked fis one, the width of the common 
opening being 67-J feet. These deposits consist principally of 
quartz, with either granular or compact cinnabar, which permeates 
the mass generally, or is besides concentrated in pockets and 
bunches, while the clefts and cavities, by which the deposit is 
traversed, often contain native mercury. At times geodes of calc 
spar are enclosed in the ore, which likewise contains iron pyrites 
and occasionally a little galena. In the year 1830 cinnabar in a 
stalactitic form was found in the Concepcion Nueva Mine, at 
Almadenejos ; this, which was compact and of a yellowish-red 
colour, was probably a recent formation. 

There has been much difference of oifinion with regard to the 
nature of these deposits. Casiano de Prado, ^ who was for many 
years director of the works, states that they exactly follow the 
strike and dip of the Silurian rocks, and he therefore calls them 
beds, but remarks that veins of cinnabar occur also to a sub- 
ordinate extent in the immediate neighbourhood. He, however, 
considers it probable that the ores may have penetrated the slates 
from below ; in that case they could scarcely be regarded as true 
^ Don Casiano de Prado, ** Minas de Almaden,” Madrid, 1846. 
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beds. A. V. Groddeck classes them with bedded deposits, as does 
also Noggerath, who studied the district in 1860 and 1861.^ Hop- 
•pensack,® Willkomm,^ and Le Play,^ on the other hand, have 
regarded these deposits as lodes. The last-named author considers 
the vein-like character to be very evident, as he observed distinct 
quartz selvages separating the vein on both sides from the country 
rock. He also found in the so-called lodes fragments of a diorite 
which occurs in the immediate neighhourhoful, and with the 
eruption of which he believes them to be intimately connected. 

The richest ore obtained contains 25 })er cent, of mtTcury, 
the average production of the whole of the ore treated being H'l) 
per cent. The average production of qui(dvsilvt'r at Alinaden 
during the last ten years has been 36,000 tlasks, weighing 1 ,242 
tonnes. In 1876 seventeen mines yielded 26,323 tonnes of quick- 
silver ore, and, in 1877, 26,765 tonnes of ore wijre ])roducA‘d from 
eighteen mines.'' In 1882 13 mines, em]»]()ying 3,240 miners, 
afforded 27,037 tonnes of ore, worth £30,633. 

Tin. — T he Phamicians arc believed to liave procui(‘d tin from 
Spain, and to have carried it to various ports on the M(‘diterranean 
At tlie commencement of the Christian era the price of this metal 
Avas equal to about five shillings per pound, and it was conscApiontly 
regarded as veuy valuahh^. 

In Spain tin occurs both in veins and diss(uulna,ted in alluvial 
gravels, and is most frc(pi(mtly found in th(‘ ])n)vin(*es of Oixmse 
and Pontevedra, where, witldii an luvii of tvv(‘lvi‘ s(juar(^ miles, about, 
thirty different lodes liave at various tinu'S Ixs'ii workiul since 
1830. Those wins, which seldom exceed seviui ineh(*s in width, 
traverse mica schists and hornhhuidic rocks. The \('inst()ri(^ 
consists of quartz with a little mica, tiirough which tiu ore, 
w^olfrarn, and iron pyrites are sparingly dissmninated. In the 
province of Salamanca tliere are, traversing the oldta- siahis, 
quartz lodes which contain tin ore, and in 1875 tlie tin mines 
of that region afforded employment to seventy workmen.'^ Near 
Cartagena tin ore occurs in leiiticadar deposits in Permian slate. ^ 
Tin ore has also been found in tlu? province of Almeria.^ 

^ A. Noggerath, %citscltr. Bn'g. Haft. Salinenw. vol. x. 1802, p. Ja*>l. 

* J. M. llopperisack, “ Ueber deii 15org)»au in Spariien ubeiljaupt uiid den Qncck- 
silberbergbaii zu Alrnadeii iiisbesondere,’' Weimar, 1790. 

® M. Willkomm, “Die Quecksilbergwerke zn Alrnaden,” Pohifechii. (UrdrallAaUy 
1849, p. 357. M. F. Le Tlay, Annates den MineSy vol. v. 1831, p. 17.5. 

® Revista Mineray 1883, p. 0*47. 

® Massaret, Ann. Soc. Gcol.Belg. 1875, ii. p. 58. 

^ M. Garcia, Boletin de la Ccmisiondel Mapa OeolOgieo (k Esinnno vol iii. 18/0,]). 2 

® Revida Mineray 1821, p. 148. B. v. Cotta, “ Die Lehn- d<n Krzlager 
statten,” 1861, vol. ii. p. 457. K. Beyer, “Zinii.” 1881, p. 1.5L 
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In 1880 one mine only was productive, employing four miners 
and yielding about 12 cwts. of black tin. 

Iron, — T he value of the Biscayan deposits of iron ores has 
been long appreciated, but it is only within recent years that their 
development has assumed such enormous proportions. The most 
important of these deposits are situated on the left bank of the 
Eiver Nervion, above the town of Bilbao,^ and range, approximately, 
south-east and north-west, the rocks associated with them belong- 
ing to the Cretaceous period. 

Commencing from the river, and taking them in order from 
south-east to north-west, they may be separated into the seven 
following groups : — 

Ollargan ) 

Iturrigorri j * • * • 

Castrejana 

Matamoros 

El Rogato 

Triano and Somorrostro 
Galdames 


J Brown ores, much mixed with 
( clay. 

. Brown ores. 

. Brown ores in large deposits. 
j Brown ore (not worked at 
i present). 

( Red and brown ores (these are 
( the main deposits). 

• Brown ore. 


Official returns show that the output of these mines in 1 881 
was 2,800,075 tonnes. 

To this the various groups contributed in tlie following 
proportions : — 

Toinioft. 

21 mines in Ollargan, ItuiTigorri, and Castrejana 84,1 28 


4 „ „ Matamoros 568,149 

38 „ „ Triano and SomoiTOstro .... 2,031,055 

„ „ Galdames 116,74.8 

Total 2,800,075 


Of this quantity, Matamoros, Triano, and Somorrostro raised 
2,599,204 tonnes ; or about 9.S per cent, of the whole. 

The ores found in these deposits are known locally as: — 
Campanil, red haBinatite ; Bnhio, brown haematite ; Vena dnice, a soft 
rich ore, common to both deposits ; and Carhonato de hierro, spathic 
iron ore. The spathic iron ore has not yet been exported. 

^ W. Gill, Journal of the Iron and Steel Lvit, 1882, p, C3. 
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• The Campanil has hitherto been found under workable condi- 
tions only at Triano and Somorrostro, and forms but a small pro- 
portion of the whole ; but as this mineral is most in request it is 
disappearing more rapidly than the brown ore. It is slightly 
inferior to the Bubio in percentage of iron, but its freedom from 
silica renders it specially valuable. 

The Bubio is a hard brown ore, and, when of good quality, is 
richer in metallic iron than the Campanil; but from its as- 
sociation with siliceous matter, and, occasionally, with pyrites, 
it requires careful selection. It also contains more moisture than 
the other ores. The Bubio deposits are sometimes very deceptive, 
and what appear to be mountains of ore turn out to bo merely 
shells of good mineral, with poor siliceous material bcneatlj. 

The Vena d^dce is soft, of a deep purple colour, very rich in iron, 
and has been worked for centuries, by means of galleries and other 
underground excavations. This ore is seldom wrought separately 
excepting in small quantities for special purposes, or for treatment 
in Catalan forges, or by the Chenot process. 

The Carbonato de hierro, spathic ii’on ore, occurs in both red 
and brown ore mines, but the most extensive deposits of it yet 
found are in the latter, where it underlies the Bubio. 

In the classification given above, the term Vena includes 
other and harder forms of this ore, known locally as Vena 
acarivpanilada. Vena ruhiada or Bubio avenado^ according as it 
partakes of the nature of Campanil or Bubio respectivt‘ly. The 
relation of these ores to one ariotlicr, together with their order of 
succession, has not been thoroughly investigated ; no geological 
survey has been attempted, and no deep borings have? been m.'u](i. 
There seems to be no absolute rule as to the relative ];)()sitions of 
the Rubio and the Vena ; in some mines the latter will underlie 
the former, the ore growing purer as it descends. Both orders of 
position are observable in the Matamoros district. Certain of the 
rugged escarpments of Bubio, whicdi form such remarkable features 
of the browm ore mines, have probably been at one time covered 
with Vena; which, being the softer ore, has been washed out. 
The two ores are often, but not invariably, separated by beds 
of clay. 

The little that is known of the geology of the district has becjn 
gathered from the studies of M. Colette in 1845, and of Don 
Ramon de Adan y Yarza in 1877. Some notes upon the nature 
and formation of the ore deposits have also been publislied, in 1878 
and 1879, by M. Bourson and M, Baillis. The investigation has. 
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however, only been partial, and the inferences drawn have not 
been entirely confirmed by subsequent experience. 

The accoin[)anying analyses give the average composition of 
the ore raised in the Orconera Company’s mines. 



Red Ore. 

Rrowu 

Kci-ri(‘ oxide 

78-03 

79-96 

Aliiiiiiiia 

•21 

l-4t 

Manf'anous oxiilt* . . . 

•86 

•70 

Lime 

3-61 

1 -00 

Maf^nesia 

1-65 

•55 

Silica 

.5-01 

8-10 

Sulphiiiic acid ... ; 

*01 

•10 

Snlpliiir i 

tfiiec 

; *05 

l*hos])hoiic acid 

•03 

•03 

(■ai‘l)onic, ucid .... 

5-00 


( !oiiil)iiKid water . 

4 Oo 

' 8-25 


1 99-91 

1 00-1 8 

ilLdallic Iron . . 

‘ 51 62 

55-.07 


78-29 

1-15 

•74 

* 51 ) 

■02 

8*80 

•05 

•04 

•02 

10-55 


100-16 

54*80 


The average number of miners employed in the Bilbao mines 
is about 7,000. 

Although tlu5 iron mines of the lu'oviiice ot Biscay are 
by far the most i)roduclive in Spain, ores of this metal are 
somewhat extensiv^ely mined in various other localities. At the 
Juanteniente Mine, in the lieinity of El Pedrosod a small town 
situated 28 miles north-east of Seville, in the Sierra Morena, a 
vertical deposit of sjunailar inm ore, varying from thirteen to six- 
teen feet in thickness, has been worked in mica, schist ; this may 
be followed for a distance of 328 fathoms in the direction of its 
strike, the thickness remaining nearly the same throughout. The 
iron ore, which is a finely granular specular ore, passing into 
compact red iron ore, is sharj)ly defined against the country rock, 
and is occasionally traversed by small strings of quartz, or rendered 
impure by em^losures of iron jiyrites. Several similar beds occur 
in the same vicinity, as at the L'osalina and Monte Agudo Mines. 

In the year 1880, 3,505,338 tonnes of iron ore were produced 
in Spain from TT-t iron mines, employing 14,795 'svorkmen. The 
exports during the same period w^ere 2,932,998 tonnes of iron ore, 
and 3,7CG tonnes of pig iron. 


^ F. Ronier, Zeitsehr, d. #/. grol. Gcsclfsch, vol. xxvii. 1875, p. 63. 
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• Oxide of manganese, of wliieli about 5,000 tonnes are anniially 
produced in Spain, is found in irregular ])ockets presenting no 
peculiar features. 


Gkneual Summary op the I’lionn’TiuN op ^Mktat.lifkhous Minp]ials 
TN Spain ju iuno thk Veau 18S2.’ 


Desonj)ti<)U of Oro. j 

Oiiaiitiru'.s. 1 

Values, 

Iron (»re ...... 

Tonnes. ' 

4,726,2i»:i 

Pt .-setus. 

11,707.001 

£ 

470,080 

Lead ore ' 

341,818 ! 

41,040,117 

1,707,004 

„ argentiferous 

22,42.') ; 

4,870,071 

1 1*5,078 

Silver ore 


1,770,1.54 

71,100 

Gold ore 

udO 

0,000 

3()0 

Copper on*. 

l,720,8.'i;i 

18,807,508 

755,004 

,, argeiitiferou.s 

50 

50,000 

2,000 

'Pin ore 

0*23 ■ 

2.50 

10 

Zii)(3 ore 

57,3.53 

1,028,810 

77,152 

Qiiicksilviu* oro . . . 

27,037 i 

000,811 

30,033 

Antimony ore .... 

30 ! 

i 0,450 

, 258 

Cobalt ore ..... 

40 

i 20,170 

1,010 

Manganese ore . . . 

5, (JOS i 

i 227,807 

0,115 

Total value) of ^Metalliferous Minerals ) ; 
produced in 1882 j : 

85,509,202 

.i;{,420,300 


PORTUGAL. 

Almost all the known gcologi<*al formations are found in 
Portugal. One third of its ai'ea eonsi.sl.s of igneous rocks, a scicond 
third is composed of the inorcj anciemt sedini(miary dej)osits, and, 
finally, Tertiary and alluvial deposits occupy largo aj'eas near the 
centre of the country, besidcis being Itjss plentilidly disseminated 
in other parts of the kingdom. 

Although these various formations contain important deposits 
of valuable ores, the literature of the subject is extremely scanty, 
being, according to M. F. d’Albuquerque d'Orey,^ the author of a, 
valuable memoir on the mineral resources of Portugal, confined 
to the catalogues of the Paris Exhibition of 1867, and of the 
Philadeljihia Exhibition of 1876. For the j)urj)Oses of this memoir 
the author referred to availed himself of certain oflicial MSS. in 
the Government Mining Bureau, to which, with the exc(q)tion of 

^ ** Estadistica Minera de Esijfifia correRpoTidiciite al Afio 1882," llrciniji Mincro^ 
1883, p. 647. 

® “Die Bergwerks Industrie in Portugal," Berg, und HiUtenm, Zeit, 1881, 
p. 201, etc. 
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what relates to the mines of San Domingos, I am indebted for ihb 
figures quoted. 

Many of the more important ore deposits of Portugal were 
worked successively by the Phoenicians, Carthaginians, and 
Romans, but the circumstance that until the early pai*t of the 
present century all minerals were regarded as national property, 
the ownership being vested in the Government, tended to 
materially retard the progress of this branch of industry. In 
1852, however, the mining laws were revised and reformed, 
and from that year recent mining in Portugal may be said 
to date. 

Gold is found in small quantities in the sands of some of the 
rivers, but the amount collected is so insignificant as to be of no 
commercial importance. 

There are no deposits in Portugal of silver ores proper, but this 
metal occurs to a small extent in association with ores of lead and 
copper. 

Lead, Zinc, and Antimony. — Lead occurs in various localities, 
the deposits, to some extent, resembling those of Spain. The 
principal lead districts are those of Villa Real, Vizeu, Aveiro, 
Portalegre, and Beja. The most important lead-mining area is 
apparently that of Mertola, near the Guadiana, where the galena 
contains about 24 oz. of silver per ton, while the cerussite and 
anglesite, &c., which accompany it are sometimes much richer. 
Zinc ores are not known to occur in Portugal in workable quantities, 
but blendes so argentiferous as to be classed as silver ores have 
sometimes been found. Ores of antimony, chiefly in the form of 
sulphides, occur in three different regions, and occupy as many 
distinct geological formations. 

In the district of Evora, antimony ore occurs in a quartz lode at 
the contact of Palaeozoic beds and granite. 

The principal antimony veins in the neighbourhoods of Valongo, 
Paredes, and Gondomar in the district of Oporto, may be divided 
into two systems characterized by different strikes. The deposits 
coursing N. 10® to 20® W., may be described as bed-like lodes, 
since their strike is identical with that of the country rock. 
The other system courses N. 30® to 60® E., and both occur in 
Silurian rocks. A third region of antiraonial ores is situated near 
the town of Alcoutim, in the district of Faro, where there are two 
distinct lodes, one coursing east and west and the other north-west. 
The latter has the same strike as the country rock, and is the 
only one now worked. These lodes occur in the slates of the 
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Culm formation, and their production was formerly greater than it 
is at the present time. 

Copper. — Numerous copper veins occur in granites and por- 
phyries in the district of Evora, and another important deposit is 
that of Palhal, in Aveiro, which, in addition to copper, contains small 
quantities of nickel and cobalt. The most important copper deposits 
are, however, those of San Domingos, Aljustrel, and Gnindola, 
enclosed in the great metalliferous belt extending into Portugal 
from the Spanish province of Huelva. 

The celebrated mine of San Domingos, which produces the 
principal portion of the cupriferous pyrites raised in the country, is 
situated in an arid and rocky district nine miles from the Ouadiana 
River and about thirty miles from the sea. The lithological 
characteristics of this part of tlie country are altnost identical with 
those of the metalliferous district of Huelva in Spain, and the on^ 
deposits, of which the strike is west-north- west and east-south-east, 
are probably of the same ago. The ore, which is a cupriferous iron 
pyrites, yields, by dry assay, about 2J per cent, of copper, but con- 
tains less arsenic and soimiwhat less silver than some of tluj 
Spanish ores. 

San Domingos, like Rio Tinto and Tharsis, was extensively 
worked by the Romans, who, from the coins wliich have been found 
in the various excavations, aY)pear to have occupied this locality 
from the latter portion of the reign of Augustus down to the parti- 
tion of the Empire under Theodosius, a period of about tliree and 
a half centuries. 

In the valley into which the drainage level enix)ties itself, rows 
of sarcoi)hagi, still containing boiuis, have at various tiim^s been 
found, while in other excavations, cinerary urns and other indications 
of cremation have been repeatedly met with. 

Among the relics which have been found of ancient mining 
operations, the most interesting was a series of large drainage 
wdieols of wood in a state of perfect preservation. These wheels, to 
the number of ten, were furnished with buckets on tlieir circum- 
ference for the removal of water ; eight of them being sixteen feet 
in diameter, while the other two had a diameter of twelve feet only. 

The quantity of pyrites extracted from this mine from the date 
of its being first ojiened to the end of ] 877, has been ap^iroximately 
as follows : — 

Ancient excavations estimated at 150,000 cubic metres; modern 
excavations 659,671 cubic metres. Total 809,671 cubic metres, or 
about 3,578,745 English tons. 
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During the year 1882 the output of pyrites from San 
Domingos amountcid to 405,029 tons, in addition to which about 
5,000 tons of copjKT were obtained in the form of precipitate from 
the local treatment of tlie ores. 

('ojjpcir ore deposits likewise occur in the province of Algarve, 
at tlie conhict of Jurassic and Triassic rocks, where they are 
travcTsed by dykes of diorite and serptmtine. These deposits, which 
contain magnestito, in their geological and min oral ogical cliaracters 
som(;wh;it n'sciuble the d(^posits of Traversella, and of Monte Catini 
in Tuscany. They, however, contain comparatively little copper, 
and the iriines once opened upon them are now abandoned. 

Tjn.^ — T in ore occurs in Portugal in viirious localities, especially 
in the ])rovinces of Ihdra, Minlio, and Tras-os-lVIontes, where it is 
found in alluvial gravels, in tlie form of stockworks in the granite, 
and as tin veins in the ohler sImIcs. Tin mines were worked in 
Portugal in the; time of Agric(>lM, a,nd tin-streaming, on a small 
scale, is one of th(^ oldc'st indiistri(\s of the country. 

Es(diw('ge - lound tin ore in the sands, as well as in the granites, of 
Valorimc and establislied stream-works with considerable success; 
but the unsetth'd state of the country is said to have ultimately 
brought the (uderprisi? to a standstill. 

Thme are no available statistics relative to the present annual 
yi(dd of tin ore, but the value of the yearly production has been 
estimated fit £450. In 1 S74 tin mines wer('. worked in the })rovince 
of 'J'ras-os-Mont(‘S to th(» de])th of about twenty-live fathoms, but 
were ultinuitely abandoned as unremuiuTfitive. 

Lion. — Portugfd is rii-li in iron ores of good (pifdity, hirge and 
importiint beds of this mineral occurring in almost fill parts of the 
kingdom ; however, with but few exceptions, all the iron mines 
of the country fire now abandoned. The exjiortation of a few 
thousand tons of iron ore to England reprixsents the whole of the 
production of the mines of Portugfil. This is accounted for by 
the poverty of the country in coal, and by the absence of forests, 
resulting from the oxtravfiganee of former generations. 

Aniimg the iron ore dejiosits of Portugal the following are the 
most iinjiortant, namely : — the haematite bed of Quadramil, in the 
proviiK^e of Tras-os-Montes, which may be followed for a distance 
of five miles. It is frequently sixty-six feet in thickness, and 
occurs in Laurentiaii rocks. The iron ore veins in the Braganza 
district, Tras-os-Monti's, now produce less than 200 tons of ore 

1 E. “Zimi,*’ 1881, p. ir»5. 

- KarstnCs Archiv, 1835, p. 221, 
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per annum. The iron ore deposits of Moncorvo, also in the sjune 
province, consist of a number of lenticular ore beds, coursing 
north 70° in Laurentian rocks. These beds have a gentle dip, 
are frequently traversed by quartz veins, and fire sornetinies as 
much as 828 feet in thickness. They contain both red iron (^re 
and magnetite ; and large masses of ore which have become detached 
from the outcrops by former rains, have formed, in the valleys, 
extensive surface deposits which have bei'ii estimated at tem 
million tons. The iron ore in the beds themselves is estimated 
at least at fifteen million tons, and contains from 80 to 50 pt'r 
cent, of iron. 

In the district of Odemira, in Alemtojo, iron and mangaiu'se 
deposits occur as lodes, as surface de])osits, and as d(!posits of 
sandstones containing iron. The lodes, which tra.V('rse Laurtmtian 
limestones and slates, are very wide, an<l contain luema.t,itt% 
pyrolusite, heavy s})ar, and (juartz. Tlui ])r(uluct.ion of this district 
attained its maximum in 1874, when 40,40() tons of iron ore 
were produccnl, and from that date to 1877 ha-s raj)idly decreased, 
the present output being exce(‘dingly small. 

M.-VNOANKSli — In Portugal onss of mangau(‘se freqiumtly occur 
in association with iron on‘s, hut ihcTe are also d(‘posits containing 
manganese ores only. Tlavsc an*. ])rinci])aJIy found in tla*, ])r()vinc(i 
of Aleiutejo, wli(T(i theyoccair in a zone about twenty-four miles in 
length betwc'cn tln^ towns of Mertohiaiid (Jrandola., paiall(‘l to whif-h 
are the celebrated pyrites (le])osits of Uio I’into, I’liai-sis, and San 
Doniingos, Manganese orc‘S Imn* form ]t‘nti(*nlar IxmIs coursing 
N. 40° W., in Silurian and Lower (larhoniiej*ous strata, and are 
usually ae.cornpanied by bods of (piartziie ; manganese ores also 
occur ill the foi’in of lodes traversing ([uartzites. The on* is 
pyrolusite, and with it occur red ha'inatite and lu'avy spar, while 
the country rock, as before stated, is (piartzito. In 1875 twe.lve 
mines wen^ Avorking in tliis district, and the Pa(;o Mine alone 
produced 812 tons of ore, and einjdoyed sixty workmen. No 
official returns are made of tlie metalliferous miiKjrals annually 
produced in Portugal. 


SCANDINAVIA. 

Scandinavia is to a large extent composed of the older 
crystalline rocks, such as granite, gneiss, mica schist, chlorite schist, 
talc schist, hornblende schist, cry.stalline limestone, dolomite, &c. ; 
which are frequently traversed by porphyries, gabbros, basalts, and 
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other igneous rocks. Overlying these rocks are strata of Silurian 
and Devonian age, which in some districts cover considerable areas, 
but the more recent sedimentary rocks are represented only in 
the most southern portion of Sweden. True veins are not of 
frequent occurrence among the ore deposits of Scandinavia, since 
the majority of them arc either bedded veins, or are associated with 
bed-like masses called Fahlhauth. Iron and copper ores are the 
most important, after which come silver and cobalt ores ; and then, 
very subordinately, lead, zinc, and nickel ores. 


Norway. 

The fundamental rocks of Norway are assigned by Norwegian 
geologists to the Azoic epoch, in which are included the Arcluean 
rocks,^ as well as the earlier gnenss. The close of the Archtean 
period in Norway was marked by erupthms oi* granite, which in 
some causes form extensive ranges of hills, while in others they 
constitute irregular detached masses. 1dies(‘ granites are frequently 
ac(!ompanied by gabbros, and appear to have exercised an important 
influence upon dei)C)sits of ore. Immediately after the great 
changes produced by the eruptions of granite, and j) 0 ssib]y even 
while they were still in progress, the deposition of beds of Taconic 
age conimenccd.'-^ These beds, of which there are three, rest uncon- 
formably on the older rocks. The second member of the series has 
been identified as corresponding to the Potsdam sandstone of the 
United States. The Taconic beds cover a large proportion of the 
area of Norway. The Silurian and Devonian formations occur 
mainly in two considerable areas, the one at and north of Christiania, 
and the other near the most southern limits of the country. 

Four outbursts of plutonic rock are recognised as having taken 
place in Norway ; namely, a Pre-Taconic, a Post-Taconic, a Silurian, 
and an eruption of Post- Devonian age. Throughout Southern 
Norway the formations from the Devonian to the Post-Tertiary are 
entirely wanting. 

Silver, — The celebrated silver mines of Kongsberg,^ which 

^ 0. G. Broch, “ Le Royauiiie de Norvege et le Peiiple Norvi'gicii,” p. 106. 

“ Taconic, a term applied by Professor Emmons to certain rocks east of the Hudson, 
which consist of slates, quartz rock, and limestone, of Lower Silurian or Upper 
Cambrian age. 

® Karsteiis Archil', xxi. 1847, p. 242; A. Oiirlt, Berg, und IlHUenm. Zeit, 
1858, p. 101 ; T. Scheerer, IhUi. 1866, p. 250 ; P. Herter, Zeitsehr, d. d. geol. 
GeseUsch. 1871, vol. xxiii. p. 383 ; G. v. Rath, Keues Jahrb, /. Mineral, 1869, p. 
434; 0. Weltz, Bmj. und IlUttcnm, Zeit, 1878, p, 115. 
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were first opened in 1623, are situated in a district consisting 
chiefly of gneiss, gabbro, mica schist, hornblende scliist, talc schist, 
and chlorite schist. The ore occurs in assixdation with fahlbands, 
but as these have been already described, ]), 1()2, no further 
description of them is necessary. The most remarkable fal\l- 
bands near Kongsberg are at the Overberg, five milevs in lengtlj, 
on which arc some very ancient mines ; and on the jdati'au of 
llnderberg, where some of the workings are 300 fatlioins in dejfih. 
Several fahlbands occur west of the Overberg, and tlier<', is a, small 
one at Ilelgevand. The origin of these is t‘X})lained by Kjerulf and 
Dahll on the hypothesis of the formation of fissiii4‘s through tlm 
eruption of gabbro, and the impregnation of tlie rochs by metallic! 
siil})hides. 

At Kongsberg there is a marked distinction between faldbands 
in slate and those in gahl)ro,tbe former only Ixung iin])ort.ani. Tlu! 
maximum amount of impregnation occurs in mica scldsts, and tin; 
minimum in (piartzite slates. IhibiTt, wlio was the first to 
recognise fahlbands as a distinct form of oro d('})osit, sliows tin dr 
transition into the lenticular ore b(‘ds chara(!t(uisti<! of crystalline 
schists. The Kongsberg fahlbands are comparatively poor and con- 
tain, (piite- subordinat(dy, compact siigrc gations wbicb an^ never 
worth working. To the miner, however, they are of gri^at im})ort,ance, 
since the silver lodes arc! only jiroductive of ore within the fahlbands. 
Near the town of KongslnTg t]K‘r(! are about fifty old mines, of 
which, approximately, one (juarter may havt! beem sunk to a <](*])! h 
of 130 fathoms, the others being gcmerally much shallower. All 
these mines were fornunly work<‘d for silver, and soim* oftlKUn are 
still working for that imdal, wliich ocf^urs partly as native silver, 
and partly in the form of various suljdiides. TIk! Kongsberg silver 
mines are the proi)erty of the State, those ih>w in opeuation being 
the Kongens og Armen, the Gottes Hulfe in der Noth, and the 
Haas Sachsen. The latter, after lying unworked for many years, 
was re-opened in 1806. The Kongens og Arnuui Mine yiel(h,*d 
for a long period the chief ])ortion of the silver ])roduced in Nor- 
way, and has, at the deepest point, now reached a depth of 306 
fathoms, of w^hich 131 fathoms are beneath the adit hweh The 
Gottes Hulfe is 131 fathoms in dc]>th, and of the material brouglit 
to the surface about 60 per cent, is classified as productive w(»rk. 

From the Kongens og Armen Mine tlie average annual pjoduc- 
tion during the five years from 1871 to 187o was 4,446 cubic yards 
of rough ore, which yielded about 3,670 oz. troy of native silver, 
141 tonnes of rich ore, and 1,468 tonnes of poor ore. 


c C 
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At the Gottes Hiilfe Mine the average annual production during 
the same period was 1,715 cubic yards of rough ore, affording 83o 
oz. of metallic silver, 14 tonnes of rich ore, and 511^ tonnes of poor 
ore. The native silver averaged 880 fine, the percentage of silver 
in the rich ore being 1*85, and in the poor ore *054. During 
the year 1879 the Kongsberg silver mines yielded the following 
returns : — ^ 

The Kongcns og Armen Mine produced 2,577 kilogr. of native 
silver containing 8cS per cent, silver, and 070 tonnes of silver ore 
containing *28 per cent, silver, worth, respectively, 309,200 kroner, 
or £17,177, and 248,100 kroner, or £13,783. 

The Gottes Hiilfe Mine produced 81 kilog. native silver, and 
44*374 tonnes of silver ore, worth, respectively, £544 and £944, 

Tlie Haus Sachsen Mine produced 37 kilog. native silver and 
52*204 tonnes of silver ore, worth, respectively, £245 and £1 ,528. 
This gives a total for Kongsberg of 770 tonnes, worth £34,222. 

In 1879 the only other mine in Norway producing silver was 
the Svenningvlals Mine in Vefsen. This produced 105 tonnes of 
silver ore containing about 1 per cent, of silver, worth £0,111. 

Auriferous quartz has recently been discovered in Norway, but 
whether the gold is present in sufficient amounts to be remunerative 
has not yet been determined. 

CorPKit. — The ore masses of R^ros and Dovre, near Trondhjem,^ 
whicli are enclosed in Lower Cambrian mica schists, chloritic schists, 
and clay slates, are always conformable with the strata, and never 
occur as true veins. The mineralogical character of these deposits 
is simple, the principal ores being iron pyrites, copper pyrites, 
magnetic pyrites, and sometimes, at the outcrop, magnetite. Blende 
and galena are occasionally met with, but otherwise the beds and 
the slates in which they occur are j)Oor in minerals. The beds 
may be divided into two classes, the first containing iron pyrites, 
and the second copper pyrites and magnetic pyrites. Copper 
pyrites is intimately mixed with the iron pyrites, but the mixture of 
copper and magnetic pyrites is always distinct. The iron pyrites 
crystallizes in cubes, and contains as much as 5 per cent, of copper ; 
in the copper pyrites and magnetite beds this percentage is some- 
what greater, while in the Storvarts Mine, at Rdros, the copper 
reaches 7 per cent. The magnetic pyrites contains *2 per cent, of 
nickel and cobalt, and the iron pyrites *25 per cent, of these metals. 

* “ Tabeller Vedkommende Norges Bergvaerksdrift,’* 1882, p. 16, 

» Jbhi. 

* A. Helland, “ Forekomster af kise i visse skifere i Norge,” Christiania, 1873, 
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• The beds, although always conformable, are extremely irregular, 
so that they sometimes represent short masses, with but little 
extension either in the direction of their strike or dip. Their thick- 
ness is variable, the thickest mass of pyrites being probably that in 
the abandoned mine of L 0 kkens, namely eighty-five feet. Thick- 
nesses of from thirty-three to forty-two feet are sometimes found at 
Ytter 0 en, Foldal, and Undal, but this great depth is exceptional, 
the average not being above from three to eighteen inches. At 
Foldal the extent in the direction of the strike is 2 fathoms, and 
in the Storvarts Mine 191 fathoms. The Roros beds, which are 
nearly horizontal, have been followed in the direction of their dip 
for about 710 fathoms. The pyrites beds usually disappear by 
thinning out, but they sometimes become divided bt^fore disappear- 
ing. Tliese beds are fouiul in certain slates only, and are absent in 
all the other formations. In the province of Trondhjem, in 
S 0 ndfjord and in Sondh 0 rdland, there are non-fossiliferous slates 
which are remarkably rich in pyrites. Tliis pyritiferous formation 
frequently lies immediately above the Azoic rocks. 

In th (3 Large pyiites deposits at Ytt,er 0 en slater seams alternate 
with pyrites ; and in the middle of the pyrites bed at Undal there 
is a stratum of alum slate, with a strike and dip coinciding with 
that of the pyrites, it is remarkaide that some of the beds con- 
taining pyrites are of a black colour, from being mixed with a certain 
proportion of carbon ; thus the ])yrites from Stord 0 en contains 2'C 
per cent, of that substance. It is well known that j)yrites sonn?- 
times replaces organic h)nns, so that these beds may possibly have - 
been deposited through the instnimenbdity of organisms. 

The yield of R 0 ros during the year 1879 was as follows: — 

The Storvarts Mine produced 2,380 toniu^s of copj)er on?, con- 
taining 7 per cent, of copper; the Ny-Solskin Mine 380 tonnes, 
containing 6*3 to 8 per cent, of copper ; the Kongens and Arvedals 
Mines 1,920 tonnes, containing from 3*2 to 3*6 per cent, of copper; 
and the Gainmel-Solskin Mine 510 tonnes copper ore ; giving a total 
for the R 0 ros district of 6,880 tonnes copper ore, worth £17,770 
and 4,550 tonnes cupriferous iron pyrites, containing 43 per cent, 
sulphur, worth £3,185.^ 

The Varalso Mine, which is worked upon a bedded vein en- 
clo.sed in the slates of the island of the same name, has, during the 
last sixteen years, afforded an average yield of 9,000 tons of pyrites 
annually. This ore contains less than 1 per cent, of copj)er, but is 
almost entirely free from arsenic, 

^ ** Talieller VoflkoTniaeTide Norgp.s BergvflF*rkfi<lrift,** 3882, p. IP. 

r c 2 
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The Ytter0 Mine, in Ytter0en, produced, in 1879, 409 tonnes 
cupriferous iron pyrites, and 6 tonnes of copper ore, worth £315. 

In 1879 the Vigsnses Mine, near Stavanger, produced 39,898 
tonnes of cupriferous iron pyrites, worth £69,500. 

The ore district of Tellemarken begins two geographical miles 
from Kongsberg, and extends sixty-five miles to the west and south- 
west, and fijrty-eight miles to the north, of that town. 

The rocks of the district consist of quartzites, quartzite slates, 
hornblende schists, &c., and these are penetrated by granite and are 
traversed by granitic veins; in some places these granite veins contain 
coi)i)er ores. Scheerer ^ describes granite veins at Stromsheien on 
a table-land about 3,300 feet above the sea, between Moland, in 
Tellemarken, and Valle, in Sadersdalen which, although occurring 
in gneiss, have the greatest similarity to the veins in the slates 
of Tellemarken. 

These granite veins, which are of variable thickness, namely 
from 16 to 25 feet, consist of a granite very rich in quartz but 
poor in mica, containing, as accessories, magnetite, garnet, apatite, 
beryl, and various other minerals. They contain copper glance 
in nests and ramifications, in such a way that Scheerer was led 
to suppose that the ore and granite were introduced at the same 
time by igneous fusion. The copper ores enclosed within the 
granite of Tellemarken are mixed with quartz, and of this he 
describes two characteristic examples, namely ; a vein at the Moberg 
Mine, from three to thirteen feet in thickness, and almost vertical, 
consisting half of granite and half of quartz, containing copper ores, 
with tellurium-bismuth; and a thick granite vein at the Niisrnark 
Mine, traversed by regular vein fissures running obliquely across it, 
filled with quartz, co])per glance, and variegated copper ore. 

Fig. 73, after Scheerer, is a section of this vein, in which a 
represents mica schist, b granite, and c veins of quartz containing 
copper ores. 

Herter^ thinks it certain that the quartz and copper ores were 
subsequently deposited in fissures in the granite vein, and there 
can be but little doubt that the copper ores and quartz filling 
these fissures are the result of segregation from the granite, in 
the same way that the gold quartz of the Australian mullock veins 
is the result of the decomposition of an eruptive rock. With an 
increase of depth all tlie copper lodes of Tellemarken have gradually 
ceased to be worth working. 

1 Berg, find ffuttevm. Zeit. 1863, p. 157. 

* Zeitsehr. d. d. geol, Oesellsch. vol. xxili. 1871, p. 877. 
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• A thick mass of diorite, coursing from north to south, continuous 
for many miles, and traversing both crystalline slates and grau- 
wacke, contains at Kaafjord, in latitude 69° north, various copper 
lodes. These course from south-west to north-east, are from one 
foot to fourteen feet in thickness, and are filled with a breccia of 
quartz, calc spar, iron pyrites, and copper pyrites, which are 
cemented together by altered diorite. 

The Kaafjord Mine produced, in 1878, 2,700 tonnes of oop])er 
ore, worth £6,555, and employed fifty-five men. In 1879 this mine 
was not working.^ 

Nickel.^ — The nickel deposits of Ringeiikcs occur in fahlbands. 
Their production in 1876 was 9,320 tonnes of nickel ore, contain- 
ing 1-5 per cent, of nickel, worth 375,000 kroner, or £20,833. In 
1879 it only amounted to 420 tonnes, worth £777. Two oilier 
mines produced nickel ore in 1879, namely ; Bamble, 300 tonnes, 
worth £770 ; and the Serijen Mine, 3,828 tonnes, worth £5,000. 



Fig. 73.— -Vein at the Nasmork Mine ; horizon tnl section. 


A nickel mine, formerly of great importance, is that of Espedalen, 
near tlic town of Lillehammcr. The (listri(;t is composed of gabbro 
and amphibolite, both possessing a gneissic structure and con- 
taining, in fahlband-like zones, nickeliferous magnetic pyrites 
yielding from 2 to 3 per cent, of nickel, with nickeliferous iron 
pyrites containing about 2*1 per cent, of nickel with a little cojipiir. 

The production in 1876 was 2,250 tonnes of nickel ore, worth 
£4,722, but since that year no ores have been raised at this mine. 

The production of nickel ores in Norway has of late years fallen 
off considerably ; in 1876 the total yield was 42,550 tonnes, con- 
taining 332 tonnes of metallic nickel, worth £143,333; in 1879 it 
was only 4,548 tonnes, containing 46 tonnes of metallic nickel, 
value £15,861. 

Cobalt. — The cobaltiferous fahlbands of the district lying 
around Skutterud and Snarum, occur in crystalline rocks varying 

1 “ Tabeller Vedkommende Norges Bergvtrrksdrift,” 1882, i>. 19. 

* T. Scheerer, Berg, und HiiUenm. Zeit. 1845, p. 801, 
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in character between gneiss and mica schist, but, from the presence 
of hornblende, they sometimes pass into hornblende schists ; among 
the accessory minerals are garnet, tourmaline, and graphite. These 
schists, of which the strike is north and south, and which have an 
almost perpendicular dip, contain fahl bands very similar in 
character to those of Rongsberg: They differ from those ^of that 
locality, however, inasmuch as while, here, the fahlbands are 
often sufficiently impregnated with ore to pay for working, those 
of Rongsberg, although to some extent containing disseminated 
sulphides, are only of importance as zones of enrichment for ores 
occurring in veins. The ore zones usually follow the strike and dip 
of the surrounding rocks, and vary in breadth from 21- to 6 fathoms. 
The distribution of the ores is by no means equal, since richer 
and poorer layers have received special names and are easily recog- 
nised. The ErzhdiiditTy or ore bands, are distinguished from the 
licichevzhlndcr, or rich ore bands ; while the bands of un- 
productive rock are known as Felshdnder. The predominant rock 
of the fahlbands is a quartzosc granular mica schist, whicli 
gradually passes into quartzite, ordinary mica schist, or gneiss. 
The ores worked are cobalt glance, arsenical and ordinary 
pyrit(^s containing cobalt, skutterudite, magnetic iron pyrites, 
copper pyrites, molybdenite, and galeila. It is remarkable that in 
these mines nickel orfes do not accompaliy the ores of cobalt in 
any appreciable quantity. Tlie principal fahlband is known to 
extend for a distance of about six miles, and is bounded on the east 
by a mass of diorite which protrudes into the fahlband, while ex- 
tending from tlie diorite are small dykes or branches traversing it in 
a zigzag course. It is also intersected by dykes of coarse-grained 
granite which contain no ore, but which penetrate the diorite. 

The Skutterud Mine in 1879 produced 7,700 tonnes of cobalt 
ore, which yielded 108 tonnes of cobalt schlich, containing from 10 
to 11 per cent, of cobalt, and worth about £11,000. 

Ikon. — The rocks in the vicinity of Arendal ^ are gneiss and 
various crystalline schists, which enclose beds of limestone, and often 
pass over into mica schist or hornblende schist. These rocks strike 
north-east and south-west, dip at a considerable angle south-west, 
and enclose numerous deposits of magnetite more or less mixed 
with specular iron ore, in a belt sixteen miles in length, parallel with 
the coast, and extending from Oyestad to Flackstad. 

The ore masses are of a lenticular form, vary from 6 to 60 
feet in thickness and from 250 to 600 feet in length, and are 
^ T. Kjemlf and Tellef Dahll, Xcucs Jahrk Min. 1862, pp. 557-581. 
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slirrounded by a peculiar envelope, consisting of a mixture of the 
constituents of the metalliferous bed and of the country rock ; the 
principal minerals being mica, hornblende, epidote, garnet, calcite, 
and magnetite. The centre of the bed usually consists of magnetite, 
which is sometimes coarsely granular, but is always accompanied 
by augite, hornblende, garnet, calcite, and the constituents of gneiss, 
as well as by various other minerals. These, when crystallized, 
have rounded faces, a peculiarity frequent with crystals formed in 
granular limestone. A somewhat foliated texture parallel to that 
of the enclosing rock, and representing the longitudinal extension 
of the lenticular masses, is often to be remarked. A great variety 
of minerals are found in the fissures which traverse the ore bed ; 
among these may be mentioned stilbite, datolite, prehnite, fiuor 
spar, &c. Granitic veins, containing many rare minerals, traverse 
equally the ore bed and the country rock. The different beds have 
very different forms, and do not all contain the same minerals, so 
that each exhibits distinct individual peculiarities. 

Haussmann states that these deposits, as well as the enclosing 
rocks, are traversed by three distinct vein formations, namely : by 
veins whose composition is similar to that of the ore deposit ; by 
veins composed of felspar and calc spar, containing titanite ; and, 
lastly, by veins of coarsely granular granite. 

No returns were made for Arendal in 1870, and in that year 
the production of iron ore in Norway was confined to the Naes og 
Egelands Mines, and the Fensgruberne in Holden, producing, re- 
spectively, 2,400 tonnes, and 5,660 tonnes, of iron ore, worth £1,055 
and £2,500 ; employing in the aggregate thirty-eight miners. 


Geneual Summary of the Vrohuctton of Metallifkrous Minerals 
IN Nouavay during the Year 1870 .^ 


Desrription of Ore. 

Quantities. 

Vahus. ^ 

Silver ore 

Tonnes 

875 

Kroner. 

726,000 

a 

40,334 

Iron ore 

8,060 

64,000 

3,. 556 

Copi)cr ore 

10,469 

640,000 

1,395,700 

35,566 

Cupriferous iron pyrites . 

.50,318 

77,539 

j Nickel ore 1 

4, ,548 

118,000 

6,556 

j Cobalt ore ; 

108 

200,000 

11,112 

[ Zinc and lead ore . . . . * 

9 

300 

17 

Total value of Metalliferous minerals ) 
produced in 1879 ) 

3,144,000 

^174, 670 


From Taboller Vedkommende Norges Bergveerksdrift,” Christiania, 1882. 
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Sweden. 

A large portion of the surface of Sweden is composed of 
crystalline rocks, such as granite, gneiss, porphyry, &c., and in these 
the most important metalliferous deposits have been discovered. 
The crystalline Primary rocks are, generally speaking, immediately 
covered by beds of Quaternary age, and a very small portion only 
of the intermediate formations are represented. Of these, rocks of 
Silurian age occupy the largest area. 

Lead and Silver. — The argentiferous lead ores of Sala occur 
in irregular veins, coursing thi*ough granular limestone, and 
are more or less mixed with such minerals as cal cite, chlorite, 
tide, sahlite, epidote, and actinolite. They are also associated with 
layers of hiilleflinta and serpentine, while quartz, heavy spar, and 
some other minerals are occasionally present. The galena is 
usually accompanied by other metallic sulphides, such as iron 
pyrites, magnetic pyrites, blende, gcocronite, boulangerite, and, 
more rarely, with stibnite, mispickel, &c. The silver usually occurs 
as sulphide in the form of argentiferous galena, and but rarely 
either in the native state or in combination with other metallic 
elements, although specimens of native amalgam are known 
to hixve been found at Sala about two hundred years ago. 
As the deposits are not separated from the enclosing rocks by 
well-defined walls, the ores are often disseminated througli the 
surrounding limestone, or infiltrated into its fissures to a distance of 
several fathoms from the more concentrated masses. This sometimes 
takes place at one side, and sometimes on the other, but occasionally 
on both sides of the vein. The disseminated ore gradually de- 
creases in quantity as a greater distance from the main deposit is 
reached, until it at length becomes too poor for working, and 
gradually passes into a jmre limestone entirely destitute of ore. 
The old mine of Sala is remarkable as having been wrought to 
the depth of 1G5 fathoms almost entirely without the use of 
gunpowder, the primitive method of fire-setting being continued 
to the present time. 

Similar deposits are found at Lcifas in Dalecarlia, and Guld- 
medshyttan in Westmanland, where lead ores occur in granular 
limestones belonging to the crystalline slates. The production 
of lead and silver ore at Sala during the ten years from 1870 
to 1879 inclusive, was 83,853 tonnes, or an average of 8,385 tonnes 
per aimurn.^ 


^ Jcnd'ontorcis AmmUr, 1883, p. 32. 
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• The Lofas Mine, which is fifty fathoms in depth, produced, 
from 1870 to 1879, 729 tonnes of silver lead ore, giving an annual 
average of 73 tonnes. 

Zinc. — :The most important zinc mine in Sweden is that 
of Ammeberg,^ which lies between the great lakes Wener and 
Wetter, and belongs to the famous Belgian company La Vieillo 
Montagne. Here a remarkable deposit of blende occurs in granitic 
gneiss, forming a belt 250 fathoms in thickness, which can be 
followed for a distance of nearly two miles along its strike. This 
zone is composed of a gneiss consisting of a mixture of grey felspar 
and quartz, with but little mica. The enclosed deposit of blende 
has a very varying thickness, dips at angles of from 70° to SO", and 
consists of a number of lenticular masses which sometimes attain a 
thickness exceeding twelve fathoms. In many places blende can be 
seen to replace the mica of the gneiss, but geodes of ore never occur 
in these deposits. The blende, which is black to yellowish in colour, is 
rarely accompanied by galena, but more frecpiently by iron pyrites 
and magnetic pyrites. The other minerals found with the zinc ore 
are amazonstone, hornblende, talc, chlorite, garnet, black tourmaline, 
and bitumen ; calc spar is rare, and neither magnetite, magnetic 
jiyrites, nor iron pyrites beds accompany the blende. 

The present depth of this mine is 58 fathoms, and, during 
the period 1870 to 1879 inclusive, it produced 341, 521^ tonnes ot 
zinc ore, and 14,439 tonnes of argentiferous gidena ; (in average, 
respectively, of 34,152 tonnes of zinc ore, and 1,444 tonnes ol lead 
ore, per annum.^ 

CorrER. — The well-known cop])er ore deposit of Falun ^ has 
been generally described as jx segregation on account ol its large 
dimensions, and is probably to be regarded as a bedded deposit. 
The ores are associated with a massive stratum ol a grey splintery 
quartz, wliicli is enclosed in mica schist rich in C[uartz ; the 
schist IS interstratified in the gneiss. In the quartz bed small 
quantities of the alkalies and a little alumina have been found, 
and it has therefore been sometimes regarded as a variety of 
halleflinta. 

The so-called concretions form lenticular masses generally 
running parallel to the stratification, and in a bed wliich con- 
tains enclosures of magnetite and pyrites are lenticular masses 
of ore sometimes attaining a thickness of above thirty feet, and 

’ F. M. Stapff, Berg, mid TJHUenm. ZeU, 1861, p. 252. B. Turley, Ibid, 1866, p. 405* 

2 Jcmkoiitorets Ammler^ 1883, p. 32. 

® F. M. Staptf, Berg, und IlilUenm. ZcU. 1861, p. 195. 
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continuing for a distance of 100 feet along their line ol strike. 
These masses consist principally of iron pyrites, magnetic pyrites, 
and copper pyrites. Thin lamina3 of chlorite and quartz are frequently 
enclosed in the mass ; but blende and galena are somewliat rare. 
The ore masses have no well-dehned boundaries, but pass over 
gradually into the country rock. The (jjuartz bed is intersected in 
various directions by irregular bands of talcose or cliloritic rocks, 
which the miners call skolar ; these enclose fine crystals of 
magnetite, gahnite, garnet, falunite, &c. Irregular pyritic len- 
ticules are enclosed in the sMlaVy their principal mass consisting of 
finely granular iron pyrites and copper pyrites with, in places, blende 
and galena. Besides ore and skolar the quartz bed contains diabase 
and limestone, Sdrdmalm (hard ore) is the name given by the 
Falun miners to the ore consisting of pyrites with quartz; the 
richest in copper and the purest variety of ore. Where the country 
rock is impregnated with ore the mineral from such impregnations 
bears the name tvikmalm (doubtful ore), because from mere in- 
spection the miners are unable to determine whether it can be 
worked at a profit. Ores consisting of pure pyrites are termed 
hldiviahn (soft ore), and are very similar to those of the Rammelsberg, 
but are generally more crystalline. Segmalm (tough ore) is a 
mixture of pyrites with talc, chlorite, and black mica. The pro- 
portion of copper in the pyrites treated varies from 1 to 2 per 
cent., and in the hard ore ” from 3 to 4 per cent. Professor Eggertz 
found traces of gold in the Falun coj^per, but was unable to 
discover from which particular variety of ore it was derived. This 
mine, which is 194 fathoms in depth, yielded, during the ten 
years immediately preceding 1880, an average of 24,438 tonnes 
of cupriferous pyrites, and 1,181 tonnes of iron pyrites, annually.^ 

At Tunaberg the ore occurs in a bed of granular limestone 
in gi*ey gneiss. The limestone contains, principally, hornblende, 
mica, serpentine, lead, silver, copper, and cobalt ores; copper 
pyrites and cobalt glance being the most frequent. 

This mine is 98 fathoms in dei>th, and during the last ten years 
has annually produced about 286 tonnes of copper ore.^* 

The fahlbands of Areskuttan, in Jiimtland, are wrought for 
copper pyrites. The Loos Mine, on the road from Falun to Ares- 
kuttan, is worked on masses of amphibolite, which are enclosed in 
mica schists and quartz beds. The amphibolite contains enclosures 
of erubescite, copper pyrites, iron pyrites, blende, speiss cobalt, 
cobalt pyrites, nickel glance, quartz, calc spar, and anorthite. 

^ Jernkontorets Annakr, 1883, p. 30. ^ Ibid, p. 32. 
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• Iron. — At Danneinora, in Upland, nortli of Upsala, coarsely 
foliated gneiss encloses a broad zone of halleflinta with chloritic 
schist, granular limestone, and interstratilied beds of magnetic iron 
ore. The latter have the characteristic lenticular shape, and form a 
great segregated deposit, which has been worked along the out- 
crop for a distance of more than a mile. This deposit is in tlic 
middle above 180 feet in thickness, but gradually decreases on 
both sides. The ore, which contains manganese, is a very finely 
granular magnetite, mixed with particles of chlorite, together it^ith 
a little calc spar and brown spar. Bands of chloritic slate, skolar, 
up . to twelve feet in thickness, traverse the ore deposits. The 
purest magnetite occupies the middle of the deposit, while near 
the edges iron pyrites, copper pyrites, blende, galena, arsenical 
pyrites, quartz, garnet, asbestos, heavy spar, anthracite, &c., occur. 

This mine is 110 fathoms in depth, and during the last ten 
years has annually produced about 35,300 tonnes of iron ore.‘ 

At Taberg, near Jonkdping in SinSland, the mountain rises 
about 400 feet above the surrounding gneiss. Opinions have con- 
siderably diflfered with regard to the character of this deposit, but 
A. Sjogren,^ who has examined a number of sections under the 
microscope, finds that the entire mountain consists of a granular 
crystalline mixture of magnetite and olivine with some plagioclase, 
mica, and apatite, as accessory constituents; but pyroxene and 
hornblende are entirely absent. The olivine is very fresh, being 
only exceptionally serpentinized. 

The average annual production of iron ore at Taberg during 
the last ten years has been about 8,250 tonnes. 

The beds worked in Wermland in the neighbourhoods of 
Philippstadt, Nordrnark, Mngbanhytta, Pajsberg, (See., are very 
rich in ore. The beds of Pajsberg are enclosed in crystalline 
granular dolomites from 20 to 100 fathoms in thickness; these 
dolomites contain granular concretions of liausinamiite.^ The beds, 
which are from 6 to 18 feet in thickness, and are continuous 
for about thirty fathoms along their strike, consist of magnetite, 
specular iron ore, and hausmaniiite, together with pyrochroite, 
tephroite, chondroarsenite, heavy spar, diallogite, asphaltum. 
garnet, chlorite, serpentine, (&c. 

The island of Utd, a few miles south of Stockholm, con- 
sists largely of a highly felspathic gneiss, which is. traversed by 

^ Jernkontorets Annaler, 1883, p. 32, 

* JaJirh. f, Miv, 1876, p. 434. 

* L. J. Jgelstrom, Berg, und HuUenvi, Mt. 1866, p. 21. 
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numerous veins of granite. The iron ore deposit, which is embedded 
in the gneiss and its associated mica slates, hornblende slates, 
halleflintas, and granular limestones, is sometimes as much as 125 
feet in thickness, and consists of a mixture of specular iron ore 
magnetic iron ore, and quartz. These minerals are accompanied 
by iron pyrites, magnetic pyrites, arsenical pyrites, galena, and 
chalcocite, together with native silver. Granitic veins, containing 
cassiterite with tourmaline, lepidolite, pctalite, &c., traverse the 
bed, in the fissures of which crystals of calc spar, apophyllite, and 
quartz, are found. The depth of the workings is 120 fathoms, 
and the average annual output of iron ore about 10,300 tonnes. 

The iron ore deposits of the mountain of Gellivara,^ in 
Lulea-Lappmark, are exceedingly rich, but, on account of their 
geographical position, latitude 67"* 20' N., are not practically very 
important. The beds attain a thickness varying from GO to 125 
f(^et, and may be traced for a distance of nearly four miles along 
their strike. They occur in red gneiss, and consist of a mixture 
of specular iron ore and magnetite, containing hornblende and 
quartz ; more rarely apatite, calc spar, and corundum. 

Lake ores^ are found in many of the Scandinavian lakes, 
most frequently in Srnaland, Southern Oestergotland, North- 
western Dalarne, in Herjeadalen, in parts of Jamtland, in 
the whole of Norrland, and more rarely in Hclsingland, Giis- 
tiikland, Southern Dalarne, and Wermland. In some provinces, 
howevcir, as in Uihiud, Sodermanland, Westcrgutland, &c., they 
are entirely absent. Abundance of fuel and the absence of 
other ore, is the chief reason why in some provinces these ores 
have been better investigated and more extensively worked than 
in others. The districts richest in such ores have a sandy soil, and 
are more or less covered by forests and peat bogs. Stapff is of 
opinion that lake iron ore is formed in the same way as bog iron 
ore, and he points out that in the lake of Tisken, near Falun, the 
water from the mine and from the slag heaps has deposited a bed 
of ochre extending over the entire bottom of the lake within a 
period of about 600 years ; this bed is in places above ten feet 
in thickness. Lake ores when first collected are blackish-grey^ 
brownish, or greenish ochre-like slimes ; on hardening, however 
little globular masses analogous to those of oolitic iron ores are 
often formed. 


^ Jemkoiitorets Anmlcrf 1883, p. 82. B, Turley, Berg, und Huttenm. ZeiL 
1863, p. 348. 

- F, M. Stapff, Zeit, d. d, gcoU GmllscJt, vol. xviii. 1866, p. 86. 
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• Ehrenberg (1836) first suggested that these ores are produced 
by certain infusoria, which build cells mainly composed of hydrated 
oxide of iron. The GalHmulla fcrrttginea is especially an industri- 
ous manufacturer of iron ore by secretion from dilute iron solu- 
tions. The greater or lesser solubility of iron does not entirely 
depend on the amount of organic or other acids present in the 
water, but is also influenced by the mineralogical composition of 
the ferruginous materials from which it is derived. rels].)ars rich 
in potash are more slowly decomposed by acids than those contain- 
ing soda or lime. Amphibolites, diorites, ditabases, gabbros, and 
bastites,’' containing iron pyrites, copper pyrites, magnetic pyrites, 
magnetite and titaniferous iron oie, as accessory constituents, are 
of frequent occurrence throughout Smaland. 

Lake ores are not found at a greater deptli than about tliirty 
feet, and are rarely lu^arer to thc^ shore tlian from thirty to forty 
feet. The thickness of the beds of lake ore rarely exceeds eighteen 
inches, but they are sometimes worked wh(‘n only from four to six 
inches thick. Experience shows that such a stratum can be 
renewed in from fifteen to thirty yiMirs. 

During ten years, 1870 to 1879, the averagt^ annual j)rodiiction 
of metalliferous minerals in Sweden was as follows : — ^ 

Toimes. 

748,427 
8,872 
49,638 
34,718 
11,910 
4,319 
1,517 
538 
1 53 

Total . . . 859,192 

The production of iron ore in Sweden has considerably in- 
creased during the last few years. In 1881 iron ore was raiscMl 
in thirteen of the twenty-four provinces, with a total output of 
806,000 tonnes. The largest amount of iron ore was produced in 
the province of Orebro, whose 262 mines furnished 220,000 tonnes ; 
next comes Kopparberg, with 181 mines, yielding 210,000 tonnes, 
and Westmanland, producing 170,000 tonnes from fifty-seven mines.® 

^ JernJeontorets AvnaJer, 1883, p. 32. 

* Iron, 1883, vol. xxi. p. 414. 
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THE RUSSIAN EMPIRE. 

European Russia consists of an immense expanse of plain, 
flanked by the mountain ranges of the Tirnan, the Ural, and the 
Caucasus, almost entirely composed of sedimentary rocks, which are 
frequently covered by thick alluvial deposits. 

Great regularity predominates in the structure of these forma- 
tions, ore deposits occurring only in areas occupied by the older 
rocks, as in the district of Olonetz, St. Petersburg, and in the 
south of Russia. Devonian rocks form a large basin in Central 
Russia, and in Poland contain deposits of copper. Iron ore occurs 
in the Carboniferous rocks of Poland, and copper ore is found at 
various places in rocks of Permian age. The Triassic rocks of 
Poland are analogous to those of Upper Silesia and, like them, 
contain deposits of calamine, galena, and iron ore. 

The principal metals produced in Russia are gold, platinum, 
silver, copper, lead, zinc, and iron ; tin, nickel, and cobalt also occur 
in very subordinate quantities. The chief sources of the more 
valuable metals are tlie mountain chains of the Ural and the Altai, 
particularly the former. Copper is found not only in those regions, 
but also in the Caucasus, in Finland, and in the Kirghese region. 
Iron occurs abundantly in the Ural Mountains, in portions of the 
Altai, and in some of the southern and central points of the empire, 
also in Polan,d, Finland, and the north. The zinc deposits of Poland 
are now among the most productive in Europe. 

Mining had not assumed an important position among the 
industries of Russia until aoout the year 1700, from which period 
until the reign of Elizabeth its development progressed very rapidly. 
Towards the latter half of the last century, however, a depression 
commenced in this class of industry, which, after extending over 
several years, has of late shown marked indications of improvement.^ 

Ural Mountains. — From a geological point of view the 
western and eastern declivities of the Ural chain differ very con- 
siderably. The western slopes are formed by hills parallel to the 
principal axis of the chain, gradually lowering towards the plains. 
These hills are composed of sedimentary rocks in which, especially 
near the principal axis of the range, are enclosed masses of granite, 
diabase, and diorite ; in proportion as these disappear the beds 

^ ** Apeiyu des Richesses Minerales de la Riissie d’ Europe piiblie par le Departe*' 
ment des Mines dii Ministere dii Doinaine de Paris, 1878 ; C. Skalkowsky, 

“Tableaux Statistiques de ITndustrie des Mines en Russie en 1868-1876;” 
J, 1). Hague, “ Mining Industries,” 1878, p. 247. 
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become less disturbed, and gradually attain exceptional regularity 
as they approach the lowlands of the west. 

The eastern side of the range is entirely different, becoming, at 
a relatively small distance from the axis, flat and uniform, the 
mountain sides being formed almost entirely of plutonic rocks 
enclosing imbedded fragments of sedimentary strata. Faults 
and slides are of frequent occurrence both in the mountains and 
in the flat country as far as the eruptive rocks extend. 

A geological map of the western slope of the Ural exhibits 
Silurian, Devonian, Carboniferous, and Permian rocks, arranged 
as more or less parallel bands. On the eastern side of the 
chain the rocks also exhibit parallel bands, but they are very much 
contorted and confused. An area of Permian rocks, of considerable 
thickness and extent, overlies the Carboniferous strata of the 
western slope, while on the eastern side Carboniferous, or still older, 
strata are overlain by Tertiary or Post-Tertiary rocks extending 
over the immense steppes of Siberia. Cretaceous strata occur in 
the southern portion of the chain, while a large number of (juartz 
veins, some of which contain gold, are met with in the south- 
eastern slope. 

The gold of the Ural Mountains occurs under two distinct 
conditions, namely, in original deposits, and in detrital beds of 
auriferous sands. In original deposits the gold may either be 
enclosed in quartzose veins, or be disseminated in such rocks as 
diorites, serpentines, &c. Beds of auriferous sands may be 
deposited either near the original sources of the gold, or have 
been transported by the action of water and accumulated at a con- 
siderable distance from them. 

Deposits of gold enclosed in solid rock arc worked in the district 
of Beresovsk in the southern Ural, and in the districts of Werkh- 
Issetsk, Newiarisk, and Goroblagodatsk. Other deposits which, 
like the above, principally occur in Asia, were formerly worked. 

The Beresovsk veins are especially interesting on account of 
the influence exercised ui)on them by the country rock. In this 
locality the crystalline schists are traversed by dykes of finely 
granular granite, and it is only in tlie vicinity of tliese that the 
quartz veins are found productive. The granite near the auriferous 
veins is impregnated with iron pyrites whicli has become partially 
converted into brown iron ore ; tliis variety of granite has received 
the name of “ beresite.'' The average yield (jf the quartz veins which 
have been worked is thirteen grammes, or about eight pennyweights, 
to the tonne. The gold is accomjianied by iron pyrites, galena. 
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grey copper, pluinositc, brown haematite, crocoisite, pyromorphite, 
vauquelinite, bismuth ochre, and native silver. A large number of 
gold deposits belonging to this class doubtless exist in the Ural, 
but a relatively small number only have been worked. 

In auriferous sands the gold occurs in fine particles which 
can rarely be detected by the naked eye. These sands are 
accumulated in beds varying from the thinnest layer to above 
twelve feet ; their ordinary thickness is, however, between 
eighteen inches and three feet. Their extent is as variable as 
their thickness, but their length rarely exceeds 1,500 feet. 
The auriferous bed of Balbouk is, however, about two miles in 
length, wliile the longitudinal extent of another de])osit ex- 
ceeds three and a half miles. The width of such accumulations 
is sometimes very small, but, generally s]>eaking, varies between 
60 and JlOO feet. Tlu^ auriferous detritus of the Ural is usually 
found either in valh^ys or the beds of streams or rivers, and, iMisides 
yielding gold in the form of dust or fine grains, sometimes furnishes 
nuggets of considerable size ; the larg(‘st of wliicli, weighing 1,158 
troy ounces, was found in the district of Mifisk. The rocks uiKler- 
lying these deposits are of various kinds, including granite, gneiss, 
beresite, augite-porjdiyry, serpentine, chlorite schist, talc schist, clay 
slate, limestone, , and wherever a depression occurs in tlie surhice 
of the bed-rock the proportion of gold increases. These beds, 
which are mainly composed of graved, sand, and clay, associated 
with water-worn fragments of various rocks, contain, in addition 
to native gold, i)latinum, iridium, palladium, iridosmine, titaniferous 
iron ore, iron pyrites, garnet, zircon, diamond, and many other 
minerals. Wherever magnetic iron occurs to any large extent the 
]K^rcentage of gold in the sand almost invariably becomes grejater. 
The age of thesej alluvial beds is comparatively recent, since 
remains of and Rhinoceros tichorhlnns have at 

various times been found in them. 

Vein mining is still carried on in the Ural, although upon a 
somewhat limited scale, the district of Boresovsk, in which veins 
of gold-bearing quartz have lung been worked, being still the 
principal centre for this class of mining. 

It appears, from ofticial returns relating to the placers of the Ural 
Mountains, that 5,300 kilogr. of gold, equivalent to 170,400 oz. troy, 
were obtained in 1875 from 4,240,000 tonnes of auriferous sand ; 
which corresponds to about twenty grains of gold per tonne of 
material washed. 

Almost the whole of the gold produced in the Russian Empire 
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is obtained by placer mining ; the total yield from the year 1753, 
when gold washing was first commenced, to the end of 187G, 
amounted to 31,427,681 oz., of the approximate value of 
£128,000,000. 

The annual production of gold in Russia from the beginning of 
1867 to the end of 1877 is given in the following table : — 


I Year. 

Number 

of 

Workiiif.,^8 

Quantity of Sand and Material 
wablied. 

Quantity of Gold 
extraeted. 

A])])roximate 
Value of 
Product. 

i 


Pood.s. 

Tons 

Poods. 

Oz. 

£ 

i 1867 

878 

968,423,325 

15,607,179 

1,6.50 

868,656 

3.648,355 

1 1868 

993 

1,177,288,244 

18,973,261 

1,711 

900,768 

3,783,225 

' 1869 

1,129 

1,054,570,392 

16.995,531 

2,007 

1,056,591 

4,437,682 

1 1870 

1,208 

983,475,095 

15,849,754 

2,157 

1,135,560 

4,769,352 

i 1871 

978 

1,081,518,424 

17,429,828 

2,400 

1,263,500 

5,306,700 

! 1872 

1,055 

1,044,027,585 

16,825,623 

2,331 


5,154,122 

i 1878 

1,018 

954,648,764 

1.5,385,187 

2,025 

1,066,070 

4,477,494 

: 1874 

1,035 

937,578,045 

15,110,074 

2,027 

1,067,120 

4,481,904 

1875 

1,092 

1,007,293,492 

16,233,613 

1,996 

1,050,802 

4,413,368 

; 1876 

1,130 

1,022,543,362 , 

16,479,381 

1 2,054 

1,081,339 

4,541,t523 

' 1877 

— 


— 

2,430 

1,279,293 

5,373,030 


Of the above amounts Sil)eria furnished from two-thirds to 
three-fourths, the remainder coming from the districts of Rerm and 
Orenburg in European Russia, sii])plement(id by small contributions 
from Finland and the district of the Kirghcse. 

Important concessions on the part of the Government have, 
within the last few years, conferred additional advantage upon 
]}rivate mine owners, and, under tliese new conditions, out of the 
2,430 poods of gold produced in 1877 no less than 2,275 came from 
private undertakings, and only 15 poods from the mines of the 
Crown and State. 

Platinum usually accompanies gold in the auriferous sands 
of the Ural, and is not often met with otherwise than in 
association with that metal ; it has, however, in some few cases, 
been found without any accomY)aTiying gold, as in the phicers of 
Taguilsk, Goroblagodatsk, and Bisersk. It has never been found 
in any considerable quantities in its matrix in situ, although small 
grains of platinum are said to liave been occasionally observed in the 
auriferous quartz of the Beresovsk mines. The entire production 
of this metal is obtained from placer washings belonging to private 
individuals, situated in the northern portion of the Government of 
Perm. At Taguilsk and Bisersk, where the deposits yield platinum 
usually unaccompanied by gold, the bed and edges of the platin- 
iferous area are described as being formed of serj^entine and 
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periclotite, fraj^monts of whicli prcxlomiiiate among the rock« 
occurring in the wand. Among the materials forming the deposit 
are also fragments of talcose and chloritic schists, together with 
chronic iron ore, and a (conglomerate compcjsed of serpentine, 
peridotitfc, and chromite, i]nit(‘d by a calcan^ous (ceimmt. 

From the occasional o<*,ciirreiice of grains of platinum in frag- 
ments of serpeiitiiuc and peridotite, the alt(‘ration ()f which last- 
named rock is beliccved sometimes to n.'sult in th(' tormation of 
serpentine, it is generally su]>])osed that that m(‘tal originally 
exist(‘<l in the form (d’ particles disseminated through ro(‘ks b(‘loiig- 
ing to this class. This view relative' to the original source of 
pla,tinum would appear to Ix' corroborated hy the fact that, in the 
district of Minsk and in oilier localities wher(‘ platinum is foun<l 
in auriferous sands, tlios(* ]M>rtions of th<‘ (le])osit which rest on 
serpimtinous rocks are always m(»st productivi* of this imctal. It has 
also bemi obse.rved that the aurihrons sands of tlie riv(‘r Mias 
ccontain plat inum so long as its waters flow over serpent inous rocks, 
but that, below tliem, the }>latimim gradually <liminish(‘s in ((iiantity 
and tinally disapjiears. J*lafinum is usually accompanied by gidd, 
chrome- iron on*, iridium, and iridosmine; and, although generally 
(Kxmrring in small fragim'nts, is sonu'times found in the form of 
nuggets of eousidenibh* size ; tlie largest oftlu'se yt't found weighing 
about 22 lbs. 'Hk* avt'ragt* yii'ld <»f platiuiferous sands varies from 

to G dwt. ol platinum ]»er tonne, bnt, in exci'ptionai cases, it has 
b(H‘n known to alford as mueh as 1.! oz. per tonne. Platinum was 
tirst discMven*tI in tlie N ijne-Taguiisk disrrirf in 1 ^ 20 , 011(1 from 
that date to ISTT tlse priMluetion amounted to I tS.SlO lbs. 

The prodviet.ion of platinum in Russia during tin* ten years 
(*nding l)ecenil)(*r IS< tJ, aiiaainted to •">!>(), 2I)(I oz. trov, t‘([ual to an 
average annual yi(‘Id of 59,():U) oz. The a\erag(‘ tpiantity of this 
metal now anuually prodiux'd in the Ural district is estimated at 
about o‘b000 oz. 

No silver or lead mines a[)jK\ar to be at present werked in the 
Ural, tlie jiriricijial sujipjy of these} metals coming from Siberia. 
A quartz hxle at Lkaterinenburg, running south-east and north- 
west, and traversing a dyke ot be resite enclosed in talc schists and 
clay slates, is kuoNvn to be argentiferous. This vein contains, 
near the surface, brown hapmatite, azurite, cerussite, pyromorphite, 
crocoisite, native silver, and stepbanite ; while at greater depths 
iron pyrites, galena, and grey copper ore make their appearance. 
More or less galena also frequently occurs in the veins of auriferous 
quartz; but true deposits of lead ore occur in tlie Alapaewsk 
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district, where corussite, associated with brown luematiti', forms 
nests in a brownish elny. In the Hlatoiist tlistriei ^aloua is found 
in (][iiartz veins traversing Silurian Iiniest<»ne. No returns of 
silver or lead from tlu‘ Ural JMountain.s are includi'd in the ollicial 
statistics for 1870. 

The ocouiTi‘nc(‘ of oecasioinl |>ehhles of cinnabar among th(‘ 
auriferous sands of tin* Ural, reiulers it not im]>n)hable that de})osits 
of that mineral may, at some future period, he dist‘oviTed. 

Among numerous otiuu* copper deposits, sonu‘ of which havt' 
been but im])(‘rfectly examiiu^d, is th(‘ cdebratt'd cupri1er»ms mass 
of Miednoromliansk, in tin* district of Ni jne-d’aguilsk, when* a. 
metamorpliii* schist containing tlu' oih* is iMiclosi'd in liuu'stones 
belonging to llie Uppcu* Silurian foimation. 1'lie beds c«)urse N. 
itf’E. and dip 7' S.K., but their continuity and rcgidarity an' much 
int('rfered with l>y the oceurn*nc(‘ of numerous laults. 

In tli(' lower liori/ons tlu'se rocks are <‘omparat iv<'ly littb' altered, 
and (‘ontain, priiM'ipally, iron ami (•(►pper p\ rites; wbili', in tin' 
uj>pi‘r, tla‘ rock e<)iitains oxidized minerals, and is transformed into 
a clay(‘y fi'rrugiiious mass. In this part of the deposit, whicii is a 
true gossan, are found eu}>rite, malachite, a/uriU', magnetic iron 
on', native* C()j)per, lihi'tlieiiite, ]»ro<*lianite, ^^c. This ore? s<uuelim('s 
(‘ontains 23 p»*r emit, ofcojipi'i*. In INoti a block of malachite was 
found in this locality weighing 330 tonnes. Krom ISl f to |S77 
tliis dejiosit, whieh may probalily havi* some relation to the dlorites 
of the Wi.sokaia Mountain, produced 2,00(^,000 tonnes of copper ore. 
(k>])per or<’ dejiosits ai’e numerous in the I'ral Mountains, all hough 
V(*ry few (»f them have t)eeii Avaakei] with the exe(*ption <•! the 
Miednoroudian>k Mine, \slueli annually pruduees aliont 1,200 1onm*s 
of on*. All I he o1 her coppei mines in the Ural apjiear to havt* heen 
abandoned. The bedded de]M>>its ol the western shfpe eaniKit. be 
consi(h*red as having anv geologh'al I'mmeetion with thi.s range, 
mountains, Imt. as they belong, adminidrat.ively, to tiuj same group 
tliey may h(*re mentioned. 

Tliesij (le]K)sit.s occur in the (iovenimorits of Perm, Wiatka, 
Kazan, Ufa, Samara, and Orenburg, and Iieloiig to two different 
formation.s, the Permian and the Triassic ; it is, however, generally 
impossible to say precisely to wliieli of tluise two formations eacli 
particular deposit belongs. The cop])f r occurs in tlie form of blue 
and green carbonate, black oxide, cuprite, copper ochre, voiborthite, 
and, very rarely, as native copper. The sulphuretted minerals, 
copper sulphides, iron and copper pyrites, and grey copper ore, 
constitute but a small pro|Xjrtion of the ores present. In 1875 these 

1) D 2 
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bedded deposits of copper ore produced 20,000 t()mi<‘S of ore, froiu 
which 800 tonnes of copper were obtained. 

Nickel occurs at Rewdinsk in an almost vertical quartz lode, 
about six feet in thickness, traversing chloritic slate and serpen- 
tine in a direction N. 30'" E. The ore is stated to be a hydrated 
silicate represented by the formula 3E SiO^ + SH^O, in -which R 
represents principally nickel ; it contains 18 per cent, of nickel 
and 12 per cent, of iron, and has received the name of rewdinskite. 
Cobalt and zinc ores are almost unknown; but several deposits 
of manganese and chrome ores are worked in the Ural. 

Magnetite occurs in a number of large deposits on the eastern 
side of the Ural chain, but of these only a small number are 
worked. The magnetite deposits of the Blagodat Mountain and 
of the Wisokaia Mountain are well known, and have been described 
in various Russian and French works. 

The Blagodat Mountain ^ consists of augite-porphyry passing 
into urali to -porphyry; the summit being capped by a compact 
basaltic rock. The magnetite is distributed in strings and irregular 
masses, and is very compact, but contains iron pyrites, calc spar, 
a])atite, mica, and analcime. 

i he magnetite which affords the best iron in Russia is obtained 
fioni the Oida-Outassc-laoii Mountain, but only a small quantity is 
laised. In addition to the above-mentioned deposits of magnetite, 
m.Mny others of less magnitude occur in the Ural. These usually 
form irregular masses, lodes, or bedded lodes, in Lornblcndic and 
pyroxenic rocks, as well as in syenites and in crystalline schists. 
Red hmmatite is ion ml in many places, but it occurs principally in 
small masses subordinate to brown ha 3 matite, and rarely as an 
indeperident de])osit. 


Brown hxnuitite is the principal and most abundant iron ore 

Brown various localities. 

conditions. 


1. In small irregular masses in plutonic rocks. 

-• beds in metamorpliic rocks. 

liimiLu^ motamorphic rocks with Silurian 


rockt metamorphic and plutonic 

of the Silurian 


^e7f„ 1866, p. 54. 


^ H. Mijllcr, Bm/. nmi IJidtenm, 
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• 6. In beds in clayey sandstone of Carboniferous or Devonian 
ago. 

7. As accumulations in the form of nests in Silurian or 
Carboniferous limestones. 

8. As accumulations in alluvium. 

Spathic iron ore is by no means plentiful, but sometimes 
accompanies brown haematite, as in the Irkouskane Mountain, 
which annually yields about 1,650 tonnes of this ore. Sphaerosiderite 
also occurs in the Ural, being worked in Carboniferous sandstone 
with an annual production of 15,500 tonnes. 

The Timan chain, situated in the extreme north, is very 
thinly inhabited, and comparatively little is known of the mode 
of occurrence of its minerals. 

The Caucasus. — The oldest rocks of this chain are believed to 
be of Jurassic age, and the most important metalliferous deposits 
are undoubtedly those of copper ore. Among these the lodes of 
Alwerd, Sitsimadane, Kawart, and Artan, with the irregular mass 
of Kiadabek, may be cited as the most important. 

The usual gangue is quartz, sometimes associated with gypsum 
and, more rarely, with heavy sjiar; in which latter case the 
lode is seldom rich. The ore generally consists of iron and 
copper pyrites, with various products of their oxidation. Blende 
sometimes occurs in more or less considerable quantities, as at 
Kiadabek, where a nest of argentiferous galena has been discovered. 
In other cases the ore consists of a mixture, in varying proportions, 
of argentiferous galena and copper ores, as in the Dambloud deposit. 

Deposits of lead ore, properly so-called, exist only in Ossetie to 
the north of the chain, where they form lodes of which both the 
gangue and country rock are quartz, protogine, heavy spar, and 
limestone. The ore consists of galena, blende, iron and copper 
pyrites, with products of their oxidation. 

A deposit of cobalt ore has been found at Dachkessan, Govern- 
ment of Elisabethpol, which takes tlie form of a vein of diorite 
impregnated by cobalt ore associated with iron and copper pyrites. 
The cobalt ore is almost entirely free from nickel ; but the workings 
are now abandoned. 

Among the deposits of iron ore that of Dachkessan is one of the 
most important, and consists of a thick bedded lode of magnetite ; 
while at Tchatach there is a large irregular mass of diorite 
impregnated with iron glance. 

Manganese is found in the valley of the Kwirilc River, forming 
a bed of pyrolusite in Miocene sandstone. 
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Poland. — It is probable that mines were worked in Poland 
during the twelfth century, and from the commencement of the 
fifteenth century to the end of the sixteenth more lead was pro- 
duced in Poland than in any other country in Europe. The 
calamine deposits were discovered at the commencement of the 
present century, and a more liberal mining law, which was pro- 
mulgated in 1870, has exercised a considerable influence on the 
development of the industries of the country. 

The deposits of galena in the dolomites of the Muschelkalk 
are of great historical interest, as they have been worked for many 
centuries. The most remarkable lead mines are those near Olkusz 
and Bolcslaw. The production of lead from the latter mines 
was very large during the sixteenth and seventeenth centuries, 
but fell ofl considerably towards the end of the eighteenth. At 
the commencement of the present century calamine deposits 
w(‘re discovered, and the galena is now woiked subordinately 
to tin* ziiKi ores. Jn J87() only 8,895 tonnes of lead ore were 
obtained. 


Ih^j)()sits ot lead and copper have been long known near 
Clu'ciny and lviel(‘e. The lead ores occur in lodes in Devonian 
(piartzites, and have been worked from the fifteenth century. The 
copper ores, wliieh (consist principally of malachite and azurite 
have beem worked near Kielce, at Miodziana-Gora, and at 
Karozoyska. Tins working of these deposits dates from the 
fiftecmtli century. During the ten years terminating in 1826 

y.()0 tonnes of ooppor ore wore obtained; but the production 
lias since entirely censed. 

Tl,e ores of .iuc ibuud in Poland are carbonate of zinc 
silicate o zinc ziucderous dolomite stained red by oxide of iron’ 
and zmciierous liniestono. The majority of these are found in the 
.lob.nnt(> ot the Muschelkalk formation. These ores always occur 
^ uiegular deposits, or nests, varying in thickness from a few 
niches to twelve feet, as is also the case in the Scharley Mine 
in hilcsia. iJie same deposits extend infrt Pi i ^ i 
worked at the Barhe Mine. Near Boleslaw the h^d fsIftrftt^S 
thickness , but the percentage of zinc in the ores is very variable in 

the different mines. In 1876 six mines produced 59,878 tonnls of 
zme ore, and during the same vfir , f wnnes ot 

tonnes of zinc. ^ 4,506 

»..c« 
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ffre enclosed in rocks of Devonian age. The Carboniferous forma- 
tion of Poland contains numerous beds of sphserosiderite, of which 
the thickness is very variable ; but this mineral is often found in 
large masses and is very extensively worked. Brown hasmatite, 
containing from 25 to 33 per cent, of iron, also occurs in the 
Muschelkalk and is worked at Bendzin, Czeladz, Sievierz, and 
Slawkow. The iron ores which occur in the Keuper are, however, 
much more important, and consist of brown haematite and sphsero- 
siderite. The brown haematite contains from 35 to 45 per cent, 
of iron, and the sphaerosiderite only from 27 to 35 per cent. ; but 
the latter constitutes the larger portion of the iron ore raised in 
Poland. 

In 1876 iron ore was raised from 70 mines in Poland, the total 
production of the country being 107,600 tonnes ; this yielded 
31,1 68 tonnes of cast iron. 

The Altai. — The number of ore deposits which have been 
discovered in the Altai is very large, amounting in the aggregate 
to several thousands. The larger number of them occur in the 
western extension of the chain, in the neighbourhoods of Schlangen- 
berg, Riddersk, Nikolajewsk, and Siranowsk. Several mines are, 
however, worked near the town of Salair, north of the main chain, 
while on the other hand the eastern portion is but little known, 
and no ore deposits are believed to be worked in this region. All 
the different veins exhibit similar characteristics, being almost 
without exception lodes traversing sedimentary rocks belonging to 
the Silurian, Devonian, and Carboniferous periods. Lodes do not 
often occur in the crystalliDc slates, and still more rarely in 
granite. Granites, porphyries, and greenstones constantly occur 
in the vicinity of the lodes, and several mines are worked in 
porphyry. The filling of the lodes chiefly consists of heavy 
spar, quartz, and various sulphuretted ores ; the latter are, how- 
ever, usually much altered near the outcrop, and crystallized 
minerals are rare.^ 

At the Tschudack Mine, in the Altai, a copper lode from 
eighteen to twenty-four feet in width is worked in quartz- 
porphyry ; the veinstone is quartz, enclosing copper ores in strings 
and leaders. In the centre of this lode there is said to be a leader 
of ore six feet in width containing but little quartz. At a certain 
depth the ores consist of copper and iron pyrites and copper 
glance ; near the surface various products of oxidation prevail.^ 

^ B. V. Cotta, '^Der Altai,” Leipzig, 1871, p. 246. 

® Jh'd. Berg, und Hiittevm, Zeit,, 1870, p. 29. 
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Auriferous sands, frequently containing platinum, are exten- 
sively worked in the Altai. In the mining district of Nertschinsk, 
in eastern Siberia, in the proximity of syenite and granite, crystal- 
line limestones alternate with sandstones, and are traversed by 
irregular veins which, occasionally, widen out to irregular masses, 
especially near the contact of dissimilar rocks. These deposits are 
filled with quartz, calc spar, and brown ironstone, in which galena, 
fahlerz, molybdenite, iron pyrites, copper pyrites, and blende are 
enclosed.^ 

The gold production of Siberia in 1881 was 2,614 poods, worth 
thirty-four millions of roubles. 

In Russian Turkestan, deposits are known of gold, silver, lead, 
copper, iron, manganese, and arsenic ; but in spite of their large 
number a few only are worked. Gold placers are wrought upon a 
small scale, but the deposits of other metals for the most part 
remain un worked. 


The production of tin in Russia in 1879 amounted to only two 
tons.^ Zinc gavti an annual average of 4,837 tons, five years previous 
to 18/ 9, hut in tliat year fell to 4,286 tons. Copper decreased from 
8,406 tons, the yearly average of the same quinquennial period, to 
8,064 tons in 1^79. Lead increased from 1,010 tons, average, to 
1,881 tons in 1879. No nickel was extracted in 1879. In the 
same year 15 tons only of cobalt ores were raised, 

he jnecious metals showed a marked increase during the period 
1874 to 1878. In western Siberia the production of gold increased 
slightly, and m tlie Ural considerably. At the end of 1879 the 
number of gold mines belonging to private individuals was in 
eastern Siberia 1,522, in w<;stern Siberia 291, and in the Ural 
Lio8, making a total of 8,046. The production of gold in the 
Russian Einpire was 82 tons in 1874, 41 tons in 1878, and 42 tons 

m 18/9. The i)roductioii of silver in 1879 was 11 tons, and of 
platinum 2 tons 5 ewts.^ 

FiNLAND.-Tlie copper and tin ore deposit of Pitkiiranta** are 

prbcilllv f “7 

Ve.nfof crystalline slates. 

predomhS‘7t which red orthoclase sometimes 

^ manufacture 

of porcolam. Metalliferous deposits are also numerous; the ore 

occurring as impregnations of copper and iron pyrites, galena, and 

^ risohle, Xeues Jahrb. f. Mir,. ; 1876. p. 898. 

» or:: 
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magnetic pyrites, the gangue being usually quartzose. The only 
deposit which has been advantageously worked is a bed of sahlite 
impregnated with copper pyrites and tinstone. Upon this, which 
occurs in the granite, mining has been carried on for above forty 
years. This bed, which for a length of nearly one mile and a 
half has been opened upon by six shafts, has a very constant 


e c h n, 



thickness of about fifteen feet, strikes from east to west, and di])s 
from 40° to 50° 8. 

The most easterly point worked is opened by the No. 1 Glee 
Mine, where the entire mass of the deposit is divided by parallel 
fissures into five beds sharply divided from one another ; the ore 
varies much in richness, and the country rock does not contain any 


if, b o d e 



tinstone. Fig. 74 represents a transverse section across the deposit, 
in which the band marked a is the richest, and contains copper 
ores only ; h and c contain no ore, d contains copper and iron 
pyrites, while e is unproductive. 

A little more than half a mile west of this point the rock 
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acquires in the No. 4 Omilianoff Mine a much darker colour, alid 
encloses a bed of dark granular granite three feet in thickness. Here 
the ore occurs differently, for, whereas in the No. 1 Glee Mine 
the copper pyrites is finely divided, here it occurs in compact 
segregations up to the size of the fist, and is often associated with 
other minerals, such as malacolite, hornblende, quartz, calc spar, 
garnet, mica, felspar, fluor s{»ar, talc, iron pyrites, magnetite, 
blende, and tin ore. Iron pyrites occurs in crystals, which 
sometimes attain a weight of 5 lbs. Neither galena nor magnetic 
pyrites appears in be jiresent. 

Fig. 75 represents a transverse section of Mine No. 3, which 
is worked for tin ore only. In this section a is sahlite with a little 
copper pyrites, b granite without ore, c sahlite with tin ore, d sahlite 
with a little tin ore, e granite with tin ore ; c and e are the richest 
in tin, and in d tin oni can just be detected, but is entirely absent 
in the otliers. 

In 18S0 Pilkaranta' produced 25,513 centners or 1085 tonnes 
of c(»pper ore, and 482 centn(‘rs^ or 20‘5 tonnes of tin ore. 

The production of Finland in 1880 was as follows : — “ 

Iron ore . . 4,120 centiuTs or 175*2 toniu's 
(Jopp(‘r ore .31,750 „ ,, 1,350 5 „ 

Tin ore . . . 482 ,, „ 20*5 ,, 

Zinc ore . . 5,27() „ „ 224*4 ,, 

Lake ores . 880,000 ,, 37,430*2 „ 

From 240,003 cubic feet of auriferous sand 17,000 grammes of 
gold (500 oz.) were obtained. 

E. 11. Furahjolm, director of the Office of Mines, Finland, in a 
letter to the editor of Iron‘d says that the total amount of the gold 
\vas\iec\ from auriferous sands in North Finland, in the year 1881, 
was 20,000 grammes, which, at 3*20 francs per gramme, gives a 
total value of 05,920 francs, or £2,637 

Okneral Summary of thk Approximate Production of Metals and 
Metallib'erous Minerals in tubi Kussian Kmpiiie durino the Year 1880,^ 


, . , Poods. Tons. 

Iron ore ms«J 62,493,424 .... ], 003,147-0 

Gold protlucoa 2,642 .... 42*4 

PlatinuTu 180 .. . 2-9 

616 ... . 9-9 

69,947 .... 1,112 0 

epPPer 19.5,518 .... 3,188 0 

267,800 .... 4-298-0 

Sulphur 6,500 ... . 87-0 

Chrome iron ore 603,503 .... 8,081-0 


^ 1 centner = 42*53 kilogrammes. 
February lOtli, 1882, p. 106. 


Berg, nnd Eiittenm. ZcU.y 1882, p. 247. 
* Engincenng, vol, xxxv. 1883, p. 29, 
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ASIA AND OCEANIA. 

THE INDIAN EMPIRE. 

Althougu the useful metals or their ores im\ in Jh’itisli India, 
scattered over vast areas, they are, with but 1V‘W (.'xcejitions, so 
sparingly disseminated as to he but seldom eapabU^ of being worked 
with advantage. Gold occurs in the sands (d’ a large number of its 
streams and rivers, but usually in such miniibj (piantities as to 
afford a pittance of only a few ]K‘nco daily to a limited number of 
indigent washers. In addition to gold tlius obtained from Ihe sands 
and gravels of rivers, abundant evidiuna* exists of that metal having 
been anciently mined from auriferous veins by means of shafts, 
galleries, and other excavations. There would a})p(‘{ir, however, 
to be no record of the jieriods at which theses works wer(‘> 
executed, and we are consecpieiitly without a.ny information as to 
the conditions under which they wm’c eonductiHl, or with regard to 
the relative valiums of gold and labour at the tinn* tlujy were in 
02 )cration. In the majority of case's, therefore^, the existence of 
ancient workings affords but little eviilence of the value, a,ccording 
to modern standards, of metalliferous de))osits, since they may have 
been made by forced labour, and at a time whim tin? jiic'tals were 
relatively much more valuable than they are at pn;sent. The lead 
ores of India, always eontaining a eerhaiu ]>roportion of silver, 
occur disseminated in IxmIs, }>oek(5ts, or segregations, liut tluy are 
seldom found in true veins. Many of these deposits were formerly 
worked on a very small scale by the natives, but none of those 
which are at present known would seem to offer sufficient induce- 
ment for the introduction of capital, or for the application of 
improved modern iirocesses. 

Ores of copper are of even more frequent occurrence than those 
of lead, but like those of that metal are seldom found in regular 
lodes, but occur, on the contrary, in beds and segregations, as well 
as in the joints of various rocks. These ores were formerly worked 
by native smelters, who obtained from them copper of good quality 
but at a cost far exceeding that at which it can now be imported. 

Iron ores are abundant, and malleable iron has, from time 
immemorial, been produced from them in charcoal forges blown 
with a hand blast. In this way both iron and natural steel 
are still, to some extent, manufactured by the hill men at various 
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points in the interior ; bat the metal so produced can no longer, 
either in price or quality, compete with that manufactured upon a 
larger scale in Europe, and subsequently imported into the country. 
Numerous attempts have been made to introduce modern processes 
of iron and steel making into British India, but the results have, 
without exception, been unsatisfactory. This repeated want 
of success is probably in part attributable to various circum- 
stances of a kind often unfavourably affecting enterprises of this 
description, but is perhaps mainly due to the circumstance that the 
largest and richest deposits of iron ore are situated at considerable 
distances from a sufficient supply of suitable fuel. 

Gold. — Tlie original derivation of the principal portion of the 
gold of Peninsular India is doubtless from the quartz veins travers- 
ing various metamorphic and sub-metaraoiphic rocks. There is also 
reason to believe that in some ])arts of the country gold occurs, 
independently of (quartz veins, in certain chloritic schists and 
quartzites as well as, possibly, in one or more vfirieties of 
gneiss. 

According to Professor Ball, late of tho Geological Survey of 
India : — Tlie presence of gold either as an original deposit, or as a 
detrital product from the older rocks, has not as yet been proved 
in any member of the great Vindhyan formation. But in the next 
succeeding formation several of the gi*oups included in the 
Gondwana system an; Ixdieved to contain (i(;trital gold ; of these the 
evidence seems clearest in the case of the Talchir. It is almost 
certain, however, that the gold obtained in the Godavari and in its 
tributary near Godalorc or Mungapet, is derived froin rocks of 
Kamtlii age, and the gold of the Ouli River in Talchir in Orissa 
is derived from sandstones, but whether from those of the Barakar 
or Kamthi groups is not certainly known, as both occur in the same 
river section. It is of course natural that tho sedimentary rocks 
which first filled the previously existing hollows and basins should 
contain gold as well as the other materials derived from the 
degradation of the older metamorphic rocks, but gold is also 
probably present, though its existence has not yet been proved, in 
some of the still younger groups. 

** In so far as Peninsular India is concerned, the only other 
sources of gold are the recent and sub-recent alluvial deposits which 
rest on the metamorphic and sub-metamorphic rocks. Passing to 
the extra-peninsular regions we meet with evidences of the exis- 
tence of gold in rocks of several different periods. In Ladak 
certain quartz reefs which traverse rocks of the Carboniferous 
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period are almost certain to be gold-bearing, as particular streams 
which rise within their limits contain auriferous sands. In 
Kandahar gold occurs, as also do some ores of other metals in rocks 
of Cretaceous age. Here the deposit is an original one, and is 
connected with the intrusion of trap. 

Lastly, all along the foot of the Himalayas from west to east, 
from Afghanistan to the frontiers of Assam and Burma, the 
tertiary rocks which flank the bases of the hills, and which occur 
also in the bait range and in Assam, south of the Brjihmaputra, 
are more or less auriferous. But this gold is all detrital, and was 
no doubt, in the first instance, derived from the crystalline meta- 
morphic rocks of the liigher ranges which are otherwise known to 
contain gold.” ^ 

The gold-fields of Madras have recently attractcal so nuu;h 
attention and have absorbed so large iin amount of Bi-itish capital, 
that a description of the auriferous deposits of that portion of 
British India may be desirable. 

The excitement caused by recent reports relative to the riches 
of the Wynaad has also directed athnition to various adjoining 
areas in southern India where crystallino rocks ])i*c‘vail. Among 
these the Travaiicore State has beam to soim^ exUiUt ])ros])ected, but 
it does not a})pear in any of the early accounts as a gold-producing 
region, and the trade of gold washing seems to be unknown there. 
Mr. King, who recently reported on this subject to the Travancore 
Government, states that the so-called (juartz rcicfs are not really 
veins, but merely the outcrops of Ixuls of quartzite, associated with 
felspar, which rim witli tlie foliations of tlui gneiss. Althougii 
minute traces of gold may sometimes lx? d(duci(Kl in these rocks by 
assay, the amount present is far too small to render tluiin of any 
commercial value as a source of tliat metal. 

The Wynaad fornis a terrace of mountain land lying between 
the low country of Malabar and the lofty plateau of the Nilgiri 
Mountains, and is separated into three j)ortioiis, known resi)ectively 
as North, South, and South-East Wynaad. The south-eastern 
division of the Wynaad, in which are situated the principal veins 
of auriferous (quartz, is now included in the Nilgiri district; but, 
with reference to the earlier notices of the occurrence of gold, it 
will be more convenient to follow Mr. Ball, and to treat it as 
belonging to the Malabar district, in which it was formerly 

^ V. Ball, “ A Manual of the Geology of India,” Part ITT. “ Economic Geology,” 
p. 176, Calcutta, 1881. This carefully prepared volume, to which J am indebted for 
a large amount of information, should he consulted hy every one specially iuterestejl 
in the mineral resources of British India. 
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included. In a report of a joint commission from Bengal and 
Bombay upon the condition of tlie Malabar province in the years 
1792-93, allusion is made to the fact that the Rajah of Nilambar 
claimed a royalty on all gold found in his territory, and in the 
latter year some steps were taken by tlie then Governor of Bombay 
to ascertain the value and extent of tlie gold mines of this region. 
The next mention of the ocaairrence of gold in the district is 
made by ])r. Buchanan^ in 1807 ; he alludes to the gold mines 
of Malabar and states that a Nair who had the exclusive right of 
mining paid a small annual tribute for the ])rivilege. In the year 
1827 Mr. S. Young stated that fine specimens of gold had been 
found to the west of tlie Nilgiri Mountains in the beds of various 
streams, and in 1830, Mr. F. 11. Barber,^ who was examined 
before the Lords Committee on East Indian affairs, asserted 
that gold was obtained not only in Coimbatore but throughout the 
tract of country lying west and south of the Nilgiri and Kunda 
Mountains, lie had ofOm witiu‘,ssed the process of gold washing, 
and estimated the area over which the soil was impregnated with 
gold at 2,000 scpinn* miles. In the year 1831 Lieutenant 
Nieolson was ap])ointed to pr()S])ect for gold-fields, and also to 
purchase on bolialf of Government. His report as to the extent of 
the mines and the possibility of tbeir being worked advantageously 
by British cajntal, was on the whole sanguine, and he suggested 
that stamping mills for the treatment of gold quartz should be 
erected at (Joopal. After the receipt of the report of a committee, 
in 1833, oondiunning mining in the low country of Malabar as 
a European industry, the Governor in Council came to the con- 
clusion that it would be inexpedient to work these veins. In 
1857 and 1858 attention waii again directed to these gold mines 
by the Collector of Malabar, who described them as extending 
for a distance of from thirty to forty miles along the wcstcu'n face of 
the ghiits, and in some places even reaching to tlieir summits. At 
this time the taxes payable by the rajahs for tlie right to mine Jiad 
fallen into arrears, and many of the old(‘r miners and their de- 
scendants Avould a])pear to have migrated to the coffee plantations 
of the Western Wyuaad. Among tho.se who in 1865 w^ere attracted 
to the Wynaad were, two Australian mimu's, Mr. H. L. Sterne and 
Mr. G. E. Withers, while shortly afterwards the erection of quartz 
crushing machinery on the Skull Reef was duo to the enterprise of 

^ “ A .Tourney from Mud ms through the countries of Mysore, Oanaraand Malahar,” 
London, 1807, vol. i. p. 441. 

^ Jovrnal Med. and Phys. Soc. of Cakitffor^ vol. iv. p. 48 ; evidence ordered to 
he printed, April 2nd, 1830. 
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Mi; J. W. Mincliin. The results yielded by this and other appli- 
ances erected elsewhere for the same purpose, were not satisfactory, 
and in 1875 Mr. W. King, Deputy Superintendent of the Geological 
Survey of India, visited the district, and his report with a map of 
the Wymiad was subse(iucntly published. 

The gold-bearing area consists of granite, gneiss, and various 
inetamorphic rocks, traversed by vidiis of quartz, which with their 
branches are auriferous. He describes the gold as occurring 
originally in largo reefs or vidns of ({uartz, as well as in spurs 
branching from them, and sometinu‘s in the country rock itself. In 
certain leaders, as well as in the casings of the V(dns, gold is some- 
times visible either in quartz, in crystals of iron pyrites, or in 
pseudoniorphs composed of limonite nvsulting from the altiTation 
of that mineral. The gold of the retd' is usually very line, and 
occasionally occurs associated with ])yrolusite. The i)revailing 
direction of the tiuartz reefs is from south-south-east to north-north- 
west, but owing to the irregularity and oticasional flatness of their 
underlie, there is soimdimes consiilerable di/hculty in tracing 
them. Their outcrops are without exception whihi, and generally 
speaking it is impossible to say by mere inspoedion whether they 
are auriferous or otherwise. The Monarch Reef is said to be trace- 
able for a distance of about nine mil(‘s. 

The re])ort of Mr. K. Brough Smyth on the Wynaad gold 
fields contains the results of his explorations during the yc^ars 1871) 
and 1880. In the district to which his attention was ]>rincipally 
directed, and which covers an area of 500 s{[uare miles, he records 
having counted nearly 200 outcro])S of <iuartz rock. Thc'so do not, 
however, necessarily represent .so many distinct veins or reefs, and 
it is not improbable that a certain proportion of them may be 
mere veinstone boulders, which, having become d(‘tache(l,have rolled 
down the sides of declivities until arrested by soTne accidental 
obstruction. 

The reefs are represented as being generally wider and pro- 
portionately richer than tho.se in alrno.st any part of Australia, but 
there are no deep accumulations of auriferous drift such .as 
characterise the gold regions of that country and of Calilbrnia. 
Numerous ancient workings indicating very different d('grees of 
mining skill are met with; these com})rise open cuttings on the out- 
crops, vertical and inclined shafts on the reefs, with occasionally 
levels, and shafts and galleries combined. Some of tlie vertical 
shafts, which are perfectly perpendicular, have been sunk in solid 
quartz to a depth of seventy feet. The ro(*k obtained from 
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these various workings appears to have been ground by hapd 
rnullers, washed in a wooden dish, and, perhaps, subsequently 
amalgamated. The country is so covered by these ancient tailings 
that Mr. Brougli Smyth compares its condition to that of an 
abandoned Australian washing. The quartz from the veins in 
this region occasionally contains cavities enclosing minute crystals 
of native sulphur. 

Many of the samples of gold quartz forwarded from the Wynaad 
to London for assay yielded satisfactory results, but it must not 
be forgotten that, in such cases, the amount of gold found will be 
influenced rather by tlie selection of the specimens than by the 
care taken by the assay er. F or the present it is not the intention 
of Government to levy any royalty or other tax upon this industry, 
as it is thought desirable to attract labour and capital to the 
gold-fields. Notwithstanding this advantage, however, it is not 
improbable that the exixuience of the pioneers in this industry 
may b(‘ acquired at a considerable cost. In his special report to 
the Government Mr. Brough Smyth has fully discussed the cir- 
(Uimstances which he considers led to the failure of the Alpha 
Conq^any, the first to establish itself in the Wynaad. He regards 
both the machinery and management as having been unsuitable 
to the requirements of an economical system of working. As, 
however, a large amount of plant and machinery has now been 
sent out, and the management is, in some cases at least, in the 
hands of experienced gold miners, it may be hoped that, in some 
cases, the conditions necessary for substantial success may be 
ultimately brought together. 

The Wynaad ^ gold region consists of a more or less undulating 
table-land averaging about 3,000 feet above sea level, and lying 
at the eastern foot of the Nilgiri Mountains, which, being the 
highest mountain range of Southern India, rise to a height of some 
8,000 feet Jibovo the sea. The climate during the greater portion 
of the year is temperate and ecpiable, but, during the monsoon, 
the rainfall averages somewhere between 150 and 200 inches. 
The monsoon of 1882, however, exceeded 400 inches, being the 
heaviest on record. 

The country rock mainly consists of a liornblendic gneiss 
containing a large preponderance of quartz, and is, as a rule, except 
in close proximity to the surface, where it is liable to decomposition, 
extremely hard. No well authenticated instance of a vein settlinc^ 

o 

aniindebted to Mr. Ooorge Srymour, A.R.S.M., for much raluablo information 
relative to the Wynaad gokl-lields. 
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down into and living in the country rock, has been observed. 
Owing to this fact, and to the circumstance that most of the 
quartz has, up to tlic present time, been sought by shallow adits, 
but little mining has been carried on which could enable any 
reliable opinion to be formed resjiecting the character and 
continuity of the reefs in depth. No sliafts of any imjiortancc 
have been sunk, and some adits whieJi were started to explore 
the country under favourable topograjdiical conditions had to be 
abandoned owing to the hardness of the rock, wliich j)rovcd too 
much for the labour available. The course of t lu‘ reed's varies from 
N. 20*^ to 40'' W., tlie dip being generally easterly, at an angle of 
from 30° to 35° with the horizon. Some of the vedns a]>pear to 
incline at a greater angle, but tljcse are exceptions to the 
general rule. 

Wliatever may j)rove to be the future of the Wynaad as a gold- 
producing country, no doubt can exist as to the extent of the mining 
operations which were carried on at pc'riods wJiich cannot be ap- 
proximately fixed even by the uncertain evidencevs of tradition. 
The deepest shafts re-openod had been sunk to a de})th of about 
twelve fathoms, and in every case had struck a reef more or less 
auriferous. It is hardly fair to assume tliat the presence of water 
caused the abandonment of the works, although it might certainly 
entail their temporary suspension during the ])reva]cnce of the 
monsoon. The shafts i^eferrcd to were, in two instances at least, 
namely, on the boundaries of the Perseverance and the Devalah 
Central Companies, an<l on the course of the Ellumbullay Reef, 
sunk to a considerable de])th on the normal coursci of the reefs. 
In each case the numbers of shafts sunk within a given area, and 
the character of the surrounding country, would lead to the con- 
clusion that the miners had found sufficient inducement to justify 
them in persevering in their labours. It is of course open to ques- 
tion whether the same yield of gold would afford a profit under 
the present conditions of paid workmanship as under the old 
regime of compulsory labour. In one instance as many as fifteen 
or twenty shafts had been sunk within an area of as many yards 
square, but the miners, whoever they may have been, seem 
to have had no idea of inter-communication by means of levels. 

The occurrence of auriferous reefs in the Wynaad is beyond 
doubt, but Mr. Seymour is of opinion that their continuity in depth 
and strike is a very important question, and that until their 
stability in these respects has been established the prospects of 
gold mining in the district must remain uncertain. 
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Perhaps the most noteworthy feature in connection with these 
deposits is tJieir Avaiit of continuity in strike and dip, under circum- 
stamoes which would lead a casual observer to tlio conclusion that 
they were persistent in both. As an instance of this, a presumably 
stable and continuous outerop of quartz, on investigation by means 
of a transverse trench, -shown in Fig. 76, proved to be no 
more than a row of symmetrically disposed superficial boulders, 
mifftsimiUy angular, notwithstanding, to justify a hasty supposition 
they represented the outcrop of a reef. In this case the 
amin axis of the boulders was that of the normal strike of the 
dMtnct, SO" W. of N., yet not a single stone could he found six 
feet below the surface. In another locality a reef showing a 



j.'j,. 7(j,_Qnartz buuhJcr.s, \V\nacul. 


pronounced strike and a widtli of many yards on one side of a 
gully, failed to show any trace on tlie other. 

A reef was found parallel to the slope of a hill side, and another 
lying parallel to it was found by means of an adit. Outcrops 
having been seen on the slope above underlying in the same direc- 
tion, it appeared probable that otlier parallel veins would be found ; 
yet after driving a cross-cut for a considerable distance through 
the hill none were discovered. In anotlier instance a strong 
outcrop some nine feet in thickness was discovered on the brow of 
a hill, but all explorations to prove it in depth were unsuccessful, 
notwithstanding an exceptionally favourable contour of the ground, 
and no reasonable doubt can exist that it pinched out within a 
short distance from the surface. 

This tendency of reefs to dip with the hill sides is common 
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in the Wj naacl, but it is, however, possible that the contour of 
the hill itself may sometimes be due to the projecting influence 
of a reef, which, acting as a capping or shield, protects it 
from the destructive effects of the monsoon for an indefinite 
period. The landslips which occur during and subsequent to 
the monsoon have, in many cases, had the effect of dislocating 
the reefs, and in some instances of causing one reef or ledge to be 
regarded as two distinct and independent veins. 

A careful consideration of the foregoing facts lead to the 
conclusion that the auriferous ledges of the Wynaad cannot 
generally be accepted as true veins. The character of the various 
reefs is essentially identical throughout the district, consisting 
as they do of massive white (piartz, in which occur irregular 
aggregations of pyrites, which is frecpiontly arsenicnl. Limoni te, 
haematite, chalcopyrite, and occasionally native sulphur are also 
present. In almost every instance the gold occurs in association 
with these minerals, and Mr. Seymour does not hesitate to ex})ress 
his belief that some of the s})ocinicns shown in London, pur- 
l^orting to have boon brought from the Wynaad, were not indigen- 
ous to that district. It will, he holieves, ])e eventually proved that 
paying gold exists ordy in conjunctioji with pyiites, an<l more 
especially with arsenical pyrites. The reefs vary in width from 
a few inches to twenty feet. Assays of the Wytiaad ores have 
afforded results varying from 2 dwt. up to 20 oz. of gold ])er ton; 
the highest results being in every instance obtained from arsenical 
pyrites. 

Mr. J. Darlington, who visited these gold-fields in 1888, 
and who has conscMjuently had the advantage of examining the 
workings of the various mines when in a more advanced stage, is 
of opinion that true veins of auriferous ([uartz sonnjtiines occur in 
the Wynaad. Irregular patches, lenticular inhjrfoliations, and 
bedded veins are, however, more frequent ; and in not a few 
instances what liad been taken for the outcrop of a vein Ijas 
l)rovod to be nothing more than a quartz boulder fallen from a 
reef situated at a higher level. 

The bedded reefs usually dip with the surface of the hill in 
which they are enclosed, and are often covered by a clay- like 
material resulting from the decomposition of the superinciurihcuit 
gneiss ; while the rock below lias been to some extent protcjctcd 
from alteration by its capping of quartz. In other cases, the quartz 
has become fis.sured, and the rock beneath has been rod need to 
the state of clay, in which portions of the reef, wliich have 
^ E K 2 
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become detached, have been embedded, as shown in Fig. 77, which 
represents a section of Rliodes Reef after a drawing by Mr. 
Darlington. At right angles to this section the reef forms a saddle 
or anticlinal. 

Some of the shafts sunk by the ancient miners would appear 
to have been made in ])iirsuit of the beds of auriferous gravel. 
Generally speaking, the quartz of the Wynaad is to some extent 
auriferous, but the trials hitherto made on a pi actical scale have, 
without exception, proved unsatisfactory. It is therefore to be 
feared that in too many instances the mines of this district 
must fail to be remunerative ; and it is much to be regretted that 
more haste than sound judgment is so frequently exhibited by 
those who ‘^invest” in companies belonging to this class. 

In the year 1802 Captain Warren, who was at that time 
engaged in a survey of the eastern frontier of Mysore, instituted 



inquiries which led to the discovery that gold-washings wore in 
operation near the village of Wurigarn, the modern Urigam, or 
Ooregaum, and that actual mining was being carried on near 
Marcurpam, where the quartz extracted was first pounded into dust 
by women and afterwards washed. The recent history of the gold 
industry of Mysore may be, to some extent, gathered from the 
following statements, contained in the reports of successive admin- 
istrations. In 1868 it was stated that alluvial gold was occasionally 
found near Betmangla, but in quantities insufficient to repay the 
expense of collection. In 1870 it was said that at some points 
along the foot of the Heinagiri Hill, about sixpence per diem 
could be made by washing certain sands for alluvial gold. In 
1872 — 1873 four pounds weight of gold was collected in the 
Betmangla taluk, and in 1873 — 1874 six pounds weight of that 
metal was obtained in Kolar. In 1874 — 1875 three pounds weight 
of gold was obtained in Kolar, besides twenty rupees’ worth in 
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the Honuali taluk of the Shimoga district ; and permission was 
granted to a Mr. Lavelle, for three years, to prospect fur gold 
and other metals. Leases for twenty years were, if required, to be 
subsequently granted for blocks of land of not more than two 
square miles, and not exceeding ten in number. In 1875 — 187() 
we are told that the terms of the leases had been modified, and 
that prospecting was progressing, but in 1S7G — 1(S77 we learn that 
the Urigam or Ooregaum Company had not commenced operations. 
In the reports for 1877 — 1878 and 1878 — 1870 there is no 
information relative to this subject; while in the tables ndating 
to mines and quarries tin* statistics of gold and ironstone are 
lumped together. In the last report, however, 1870 — 1880, it is 
stated tliat potstone and iron ores are the only minerals now 
worked in the province. 

The Kolar gold-field is situated in the province of Mysore, about 
forty miles east of Bangalore, on a vast plain covered with grass 
and scrub.^ The principal formation of the district is a granitic 
gneiss passing into a syenitic or hornblendic variety of the same 
rock. A band of greenstone trap, about two miles in width, 
traverses the district in a north and south direction, and it is in 
this rock that the auriferous reefs occur. 

Between this trappean formation and the gneiss to the east of 
it, broad bands of rock, including hornblende and mica schists 
occur ; while it is bounded on the west by a continuous ridge of a 
banded ferruginous quartzose rock, rising in places to a height of 
over 200 feet, and towards the southern extTeiuity of the field 
showing evidences of contortion. This rock has in some places a 
jaspery appearance, in otliers is composed of tliin alternate laminie 
of quartz and siliceous ha3matite, while in one or two localities a 
band of iron ore opens out to a width of siivcral feet, and appears 
to have been at one time extensively worked. Several bands of 
schists, including hornblendic schist, mica schist and chloritic schist, 
occur between this ridge and the gneiss, and, like the shales on 
the eastern side, dip towards the trappean rocks. 

The band of trap in which the auriferous reefs occur, varies in 
structure from coarsely crystalline diorite to fine-grained greenstone, 
the former appearing to pass by slow gradations into the latter. 
Where the crystalline structure is most fully developed, boulders 
of a more or less spherical form often lie scattered over the surface, 
or form ridges, several of whicli occur at various distances apart, 
coursing in a north and south direction. TViese surface boulders 
^ luformation kindly supi‘Ued by Mv. J. H. JoIujh of the Nine KeefH Mine. 
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appear to decompose slowly, but portions of the same rock brought 
up from a depth of thirty or forty feet below the surface, disintegrate 
rapidly uj^on cx})osure, and scale off in numerous concentric coats. 

The general bearing of the quartz reefs is from 4° to 1 0° W. of 
N. and they invariably occur in the fine-grained eruptive rock. 
Deposits of un])roductive quartz, usually of very limited extent both 
in length and in de])t]i, are often met with in the more coarsely 
crystalline variety. In the reefs occurring towards the eastern and 
western limits of tliis formation little or no ])yrites has been found, 
but those near the (centre of the mass contain a considerable 
proportion of mis])ickel ; and occasionally a little iron pyrites, 
pyrrhotine, and chalcopyrite are also met with. The walls of the 
reefs are often faced more or less thickly with chloritic schist, 
which occasionally encloses garnets. Tlie greenstone is usually 
decomposed to a greater de])th within a few feet of thi' reeds than 
at a more considerable distance from them, and the resulting clay, 
of a greenish-yellow colour, is the so-called “ mullock ’’ of Austra- 
lian miners, wliich, when it occurs iu the form of a horse, or as 
strings in comiecdion with the reefs, oft-en contains a little gold. 

Some of these reefs have* b(.;on worked to considcrahle 
depths over great lengths, but no ixu^ords of these' former workings 
appear to exist. They have beem generally woiked by open-cast, 
but it has not Ixx'ii determined by wliat method the reefs were 
attacked and tlui water removed from the w^orkings. Mr. Johns 
candully examined a jxn-tiou of a reef standing in one of the old 
workings in the Nino Re(‘fs (loiiq^any’s pro])crty, with a view to 
discovering the method adopted by the former miners for breaking 
the rock ; but although it is very liard and showed lio signs of 
decomposition, he could neither find traces of bore-holes nor aiiy- 
tliing to indicate that borers liad been employed. He, however, 
from time to time found jJeces of charcoal in the with which 

the old workings were filled, and this, in the absence of any 
traces of bore-holes, would rather point to the ancient method of 
fire-setting as that by wliich the reef had been worked. 

Gold occurs in Hyderabad, or the Nizam's Dominions, and 
mention of it is found in various works published about the 
beginning of the present century. Within the province of Orissa 
gold-washing has been -carried on in the Native States of Dhen- 
kanal, Keonjhar, Pal Lahara, and Talehir ; but as is the case in 
many other parts of India, it is on the whole an unremunerative 
business. In Bengal small quantities of gold are disseminated in 
the sands of the streams in the Midnapur and Barikura districts, as 
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wbll as in those of the Oliutia Nagpur province, which includes the 
greater portion of tlie hilly region on the south-west frontier of 
Bengal. The localities in the Manbhuin district in which gold- 
be(u*ing sands are known to exist, are very numerous, and in its 
more northern portion tberc are jwobably but few stiu'ams of which 
the sands are not to st)me extent auriferous. 15y a systematica 
application of the operations of two gold-washers for a period 
extending over three months, Professor Ball ^ was enabled to deliiie 
the area in wdiich gold is (‘omparatively most abundant. The 
results thus obtained were found not only to agrc'e with tiio 
traditional information of the goUh washers, hut they also very 
conclusively siiowed that tla' area over whidi thc^ largest amcnnit 
of gold is dissemiuatcMl corrc'spoTuls with a, trac^t eoTn])rc‘h(‘iiding 
a particular series of stratilical rochs. Thc‘se, wliich (‘ousist chieHy 
of mica schists and cpiartzites, ar<‘. all inclialed in the* sulmneta- 
morpliic series. Although, howeviT, more gold was collected from 
superficial deposits wiibin this a.rc‘a, than c^lsc^wherc', thosc^ j)ortions 
of the district in which metamorphic rocks arc^ alone present did 
not prove entirely barren. Tlic' boundary hetwca'ii those two 
formations coincides with a. Iiiu‘ dra,wii from Simlapal on the east, 
through Bara Bazaar, to a ]>oint a little north of L'hagarh on the 
west, and thence continued into the (dnitia Nagjnn* higldands. 
South of this line snh-metamoqddc rocks almost cujtirely prcwail, 
while beyond tlic Maid)]ium frontier they extend into Singhhhurn 
and Lohardaga. During the i»eriod of tliree months hedore referred 
to a diary was ke])t in which a record was entered of the amount 
of gold obtained daily, as wtdl as of the cdjaiactc:r of tlie rocks wherc^ 
the dififerent washings wcire made. 

An analysis of these several rcaairds shows tliat in the sub- 
rnetamorphic rocks the avei'age amount ol' gold daily collected 
was *4 grain, while in the metamor])hic rocks it was only 
‘16 grain. With respect to this very small yield of gold 
Mr. Ball remarks that tlie washers were often working on 
strange ground, and that moreover they had fnajuc'iitly to walk a 
distance of some miles to the j>oint at wliich their ofierations were 
to commence. To the above must also he added the fact that their 
day's pay being assured to tliem they contented themselves with a 
very limited amount of physical exertion. In Singh hhum gold 
occurs under nearly the same conditions as in Manbhuin, except 
that in the former district it would appear to be entirely confined 
to the sub-metamorphic rocks. In Siiiglibhurn quartz veins are 
^ “Manual of the Geology of India,” Part iii. 1881, p. 190. 



424 


OEE DEPOSITS. 


[part II. 


abundant in certain shales and slates to the north and west of 
Chaibassa, and it is not improbable that some of these may be 
auriferous. In the State of Jashpur the gold-washers find it more 
profitable to work the ancient alluviums of the valleys than to 
wash the more recent sands and gravels of the streams. At some 
distance from its banks, and on both sides of the river Ebe, 
there are tracts which have been completely honeycombed with 
shafts of from 10 to 30 feet in depth by successive generations of 
gold-seekers. In the Udepur State the gold-seekers work in pits 
similar to those on the banks of the river Ebe in Jashpur, and the 
average amount of gold daily collected by each washer is stated to 
be about three grains. 

Out of the four divisions under which the Central Provinces 
are classified the Narbada division is the only one which returns 
no gold-washers. The other divisions contribute as follows : 
Nagpur 139, Jabalpur 52, and Chatisgarh 12. 

It is stated that in Rajputana gold dust was formerly obtained 
from the sands of the Luni and Khari rivers, but gold-washing 
appears to be no longer carried on in that country. 

In the Presidency of Bombay the districts of Dharwar, Belgaum^ 
and Kaladgi, in the Southern Mahratta country, with the province 
of Kattywar, include all the known gold-bearing rocks. Mr. R. B. 
Foote, ^ of the Geological Survey, regards the metamorphic rocks of 
the gold-bearing areas of the Dharwar district as belonging to 
three distinct groups, each characterised by specific lithological 
peculiarities. These he distinguishes as the Dhoni, Kappatgode, 
and Siirtur groups. 

The Dohni group is composed of hiematitic, hornblendic, chloritic, 
and micaceous schists, with which are associated several beds of 
white and greyish limestone. Above this comes the Kappatgode 
group, consisting of hsematitic and argillaceous schists, which are 
frequently mottled, but of which the prevailing colours are white 
or reddish buff. The third, or Surtur group, is made up of horn- 
blendic and chloritic schists associated with massive dolerite. 
Quartz veins occur throughout these groups, but according to the 
native washers auriferous sands are found only in streams rising in 
the Surtur series. 

In the Surtur group the outcrops of the quartz reefs, which 
usually run parallel with the bedding, have generally been more or 
less broken up by gold seekers ; in the other groups the quartz 

^ Records Geoh Siirv, Ind„ vol. viii. 1874, p. 183 ; Mem. Gcol, Rtirv. Ind., vol. 
xii. 187(), p. 269. 
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v^ins often course across the strata. The Hati Kati Eeof is in the 
Kappatgode series, and in its d4hris Mr. Foote found traces of 
visible gold. This reef contains iron pyrites, besides other sul- 
phides, and it has, to some extent, been opened at the outcrop by 
rude sinkings and shallow trenches indicative of native mining. 

It has been stated that all the rivers of the Punjab, the Ravi 
alone excepted, contain auriferous sands, and although this may 
not be literally correct, it is still an undoubted fact that the rivers 
and streams of this province do, as a general rule, contain gold. 
This is equally tiue with regard to those rising in distant ranges of 
crystalline rocks, as well as of those having their sources in lower 
detrital hills of Tertiary age. The practice of gold- washing is in 
the Punjab doubtless of considerable antiquity, and under the Sikh 
Government the taxes upon this industry amounted to one-fourth 
of the gross produce. Now, however, as in most other parts of 
India, the income from this source has eitlier dwindled to very 
small proportions or has become entirely extinct. The districts of 
the Punjab in which gold occurs are Pannu, Peshawur, Hazara, 
Rawalpindi, Jhilam, Amballa, and certain Native States. 

Assam has long been famous for its pi'oduction of gold, and it 
has been stated by various authors that all its rivers contain gold- 
bearing sand ; some, however, limit this general statement to those 
which rise in the northern hills. It would, however, ajipear that 
there are few streams in the districts of Darrang, Sibsagar, and 
Lakhimpur which do not yield gold. A large projxation of the 
gold obtained in Assam is aj>p;irently derived from the degradation 
of rocks of Tertiary «Mgo; tliat, however, wdn’eh is found in the 
upper reaches of the Brahmaputra })robably comes diiectly from 
the crystalline rocks. 

Within the limits of British Burma gold has beem found in 
the beds of the Irawadi and some of its tributaries, in tl»e P( 3 gu 
division, and in the beds of the Sittang and its tributaries. The 
Tavoy river and the Great Tenasserim and its trihutaries in the 
Tenasseriin division, also contain auriferous sands, but gold-washing 
w^ould appear to be by no means a remunerative business. In the 
Upper Irawadi at Bhamo and near Thingadhaw, gold is obtained 
from auriferous sands. Some miles nearly due south of the last 
locality is a small rivulet the sands of which are auriferous, and 
where, it is stated, each washer could earn the equivalent of three 
shillings a day. A few miles nearer Thingadhaw the Ponnah creek 
contains gold, but the washers are described as being miserably 
poor. 
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Silver. — Altliougli tlie natives of some parts of India were able 
long ago to separate gold from silver, and to extract the latter metal 
from argentiferous galena, there a.})pears to be no direct evidence 
tliat silver was ever largely produced in the country. The extrac- 
tion of silver from argentiferous galena is probably still practised in 
Kandahar and Kashmir, but the only region in which this industry 
is regularly carrie.d on is in the Shan States which are tributary to 
Siam. Spcicimens of silver ore and even of native silver are stated 
to have been Ibund in many jiarts of India, but tlie quantity has 
always been exceedingly small, and in many cases furthur evidence 
of its ocuairrcnce in the localities indicated would be desirable. It 
follows that any silver which may have been hitherto found in India 
otherwise than in association with galena, is of greater mineralogi- 
cal interest than commercial importanci'. 

Lead, — At tla^ ])res<mt time lead is produced in British India 
in very small quaiitiiii'S only, although there is probably no metal, 
with the cxce])tion of iron, of Avhich the ores were formerly so 
extonsmdy worked. Evidcoicc of this is afforded by the extent of 
the ancient lead mines of Southern India., llajputana, Balochistan, 
and Afghanistan, 

In the Presidency of Madras lead ores have been found ; in 
Kadapab, at Jungumra/.pilly and (Jotelur; in Karnul, atOazalpully 
and Koilkontla; in Bellary, in tbe^ Sandur Hills; and in Palnad 
at Karampudi. Mr. King descril)es the Jungumrazpilly mines 
as follows : “ The old and now deserted lead Avorkings are at 
tlie south end and east sitle of the Ioav ridge, just nortli-nortb- 
east of the village. Tlie pits or galleries liavc^ been excavated 
between beds of dark grey siliceous limestom^. Avhich is impre- 
gnated Avitli strings of white and dull blue quartz. These rocks 
are referred to the Cuinbiuu division of the iSballamallay group 
of the Kariml series. Granular sulphide of lead is dissem- 
inated in wry small (juan titles through the blue quartz. In 
the Avliite quartz there are faint traces of copper. The strings of 
quartz have been (kqiosited in north-north-east and south-south- 
Avest fissures, having a dip of GO'" westAvard, the strata lying at 50® 
E. by N. The old AAwkings are to a groat extent filled up with 
the excavated fragments of rock and are now overgrown Avith 
jungle.” ^ Lead ores from this locality contain from to 18| oz. 
of silver per ton. The origin of these extensive excavations is lost 
in obscurity, although it is known tliat the mines Avere wrought by 
the Hindu kings of Bijanagar,and subsequently by the Mohammedan 
^ Mem, Gcol. Surv. Ind., vol. viii. 1872, p. 273. 
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nawabs of Kadapali iii the time of Halim Khan. They were after- 
wards worked by Hyder and Tipu ; the latter of whom is said to 
have destroyed all documents relating to them. 

In Bengal, within the limits of the Bhagalpur division, lead 
ores have been found in tlie Sontal Parganas district at or near 
the following localities : Sankera Hills, Tiur IJill, Bairuki, and at 
Panch-Pahar or Aka see. 

In the Province of Chuiia Nagpur lead ores have b(‘cn found 
in Manbhum at Dhadka ; in Hazaribagli at Maliabagh, Baragunda, 
Mehandadi, Barliamasia, Nawada, Khesrni, Mukundganj, Parseya, 
and Hisatu ; in Lohardaga at Barikliap and 8ili; in Sirgnja at 
Bhelounda, and Oliiraikund. In all these places the rocks in 
which the veins occur belong to the metaniorjihie series. At 
Dliadka in the Manbhum district in a hill of mica schist close 
to a village called dani Jor, near an outlying liouse Indonging to 
the village of Dekia., a (le])osit of galena was diseovered in iSIh) hy 
some Kumars wlu‘n searching for iron ore. The galena from this 
locality contains from (K) to (SO oz. of silvtT ]>(']' ton of ore, and 
occurs in lenticular massiis assoeiatc'd with haanatitt' and (juartz 
in a. true lode. Lead (»re from Hisatu is first mentioiu'd in a letter 
addressed to Warren Hastings ami the Oouneil, dated ( JalciOia., 
1777. At the present time the old excavations and ddhriH so 
obscure the outcro]) at this place, that without making fresh o])en- 
ings it would be impossibhj to form any o])iiiion as to the procis(‘ 
nature of the deposit. The maghbouring rocks arc^ gneiss with 
hornbleiidio and inica(‘(‘ons schists. 

In the Central Ih’ovinces lead on^s liavi* hecai found in Sain- 
balpur at Tal])uchia, dhuriaii, and ]^idam]an’; in llaipur at 
Chicholi ; in Nag])ur at Niinhha; in Jabalpur at Sleernana,- 
had; and in Hoshangahad at Joga. With but two excejitions 
these deposits occur in inetainorphic rocks ; th(^ exceptions being 
Padampur, wliere the country rotk is a limestone belonging to 
the Vindhyan series, and Joga, when; galena o(;curs in limestone 
of lower transition age. The existence of galena on the hanks of 
the Mahanadi, near Jhunan in the Samhalpnr district, was known 
by local tradition, but the exact s])ot where it occurs was not 
discovered until LS74, when by cutting trenches at right angles to 
the granitic rocks a lode containing tliat mineral was discovered. 
The lode, where ojiened upon, was from 10 to Hf inches in 
width, the veinstone was principally coniiiosed of rjuartz, and the 
galena obtained from it yielded lead containing 1 2 oz. 5 dwt. of 
silver per ton. In the year 1875 a cutting was made with a view 
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of tracing this lode inland from the banks of the river, but thefe 
being no one on the spot capable of carrying on the operations, 
the alluvial covering was not suflflciently removed to determine 
whetlier the lode was continuous or otherwise. In the year 1868 
a discovery of galena was made by some stone-breakers who were 
employed in preparing road metal, about three miles west of 
Chielioli in tlie Raipur district. Specimens of galena subsequently 
examined contained about 10 oz. of silver per ton of lead. The 
locality was visited by Mr. W. T. Blanford ^ in 1870, who describes 
the ore as occurring in a true vein, largely comiK)scd of quartz, 
traversing granite or granitoid gneiss and hornblende schist passing 
into diorite. In addition to quartz the vein contains pink felspar, 
green and purple tluor sjmr, epidote, Jind traces of the carbonates of 
coy»per. The galena is tliinly disseminated thvoiigli the veinstone^ 
but Mr. Blanford, on the wlioh^ did not consider the indications 
unfavourable. 

(Jahuia occurs in Aj’mir, Alwar, and Udejnir in Rajputana, and 
has b(‘(*n miiKMl for sona.'what extensively at the foot of the Ta.ra- 
ga.rh Hill, (d()S(* to tln^ city of Ajrnir; the otlier localities being of 
less iin})orta-nc(‘. Ibe mines, of whi('h (‘onsiderablc traces still 
exist, W(U\‘ at oia^ time farmed by th(3 Mahrattas, and it is stated 
that their suspmsion was dm' to the Mutiny and the desire of tlic 
CJoverninent to prevent, tlu? extraction of lead which might be used 
for the manufactur(‘ of bulhits. According to Mi‘. Hacket ^ the ore 
occurs in a numbi'r of approximately parallel veins, traversing 
a ([uartzite of sub-met amor] bic or upp(‘r transition age in nearly 
the same dirc‘ction as the strike of the rocks. The galleries fol- 
lowed the courses of tliese veins, and were oidy sutti(aently large to 
allow of the miners cra-wling through them. The ores wxre brought 
to the surface in baskets, which Avere passed from liand to hand by a 
number of coolies seated within reaclung distance from one another. 
A considerable discrepancy exists in accounts relative to the 
amount of lead produced at those mines. In 1(S3(), Captain Dixon 
placed it at only 42 tons 10 ewbs. per annum ; on the other hand 
it is stated in the h>ca.l gazetteer, as well as in the Settlement 
report, that abiUit the year 1818 their annual production was 
from 340 to 400 tons of metallic lead. None of the accounts 
of these mines mention silver as occurring in the ores. In 1846 
the Ajrnir magazine ceased to receive the metal produced, and the 
mines were consequently abandoned. 

* Jicaortls (rfol. SiD'c. Iiul., toI. iii, 1870, p. 44. 

* Ihid.y vol. xiii. 1880, p. 247. 
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In Bombay galena occurs in Jubhan, and at Kbandelav Lake 
in the Panch Mahals district in Gujarat. Tlie galena contains 
about five ounces of silver to the ton of ore. No attem})t to work 
these mines has been made since 1874. 

In Balochistari tlioro are ancient lead mines a.t Sekran, but 
they are now deserted. These mines are described as having been 
very extensive, and it is stated that they formerly employed 200 
men. The vast (piantities of slag found in the district testify to 
the once great extent of the industry. 

In the Punjab Himalayas there an* a, number of localitiius, 
especially in the Kulu and Simla districts and in the Sirmur 
State, where lead ores occur, which, in souk? cases, have* been worked 
on a very limited scale. In the Simla district gahma occurs on the 
cast bank of a stream n(‘a,r the village of (^hapla,, wlu're the vt*in 
runs parallel to the IxMlding of the rocks, which are slab's 
intercalated with thin IhmIs of limestoru'. Mining and smelting 
were for some time carric‘d on in this locality under Eiiropc'an 
management, but as fdl operaXions have now C(‘ased it may bt* 
concluded that the undertaking was not a protitalde on(\ On the 
banks of the Tons river, aJxuit tw(‘n1y-iive mil(‘s above* Kalsi, is 
a tract of C(mntry surrounding Swinj, partly includc'd in Sirmur 
and partly in JaJinsar, wlu're lead mining has hexin sonu'what 
extensively carried on. Mr. H. 1>. Mexllieott, who visited this 
locality in 18G2, says that only one inirie was then ojk'ii. H(*. 
describes the lode as bc'.ing about two fee't in width, well defined, 
and with a dip at an angle of 70'' towards (*ast-north-east. 
The galena exists chiefly in tlie form of a regular leader 
near the foot wall; tlu'ro is, however, another distinct band, con* 
sisting chiefly of quartz, containing blende, g.'dcuia, and iron 
pyrites. The rocks in which this vein is enclosed consist of slaters 
and limestones of the Krol and Infra-Krol groups. 

Within the limits of Assam there appears to he no record of 
any discovery of Icfid ore, but tlien^ is undoubted ground for 
believing that considerable deposits must exist at no great 
distance beyond its frontiers. Lead ores occur in numerous 
localities in British Burma, but little is known cither of the 
nature or the extent of the depo.sits. Native Burma and the 
surrounding states are believed to produce large quantities of lead. 
In Tenasserim lead ore is said to occur in limestone of Car- 
boniferous age. Tlie exact character of these deposits does not 
appear to have been placed on record, but there would setim to 
have been some criuh* attcmpf.s made to work a few of them. 
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Copper. — ^The copper ores of Peninsular India occur in the 
older crystalline or metamorphic rocks, as well as in various 
groups of transition age. In Extra-Peninsular India they ai*e 
found, for the most part, in highly metamorphosed rocks, the 
precise relations of which to those of the Peninsula have not 
in all cases been determined. As a rule, to which there are 
but few exceptions, the copper ores of India do not occur in true 
lodes, but are cither sparsely disseminated through the rocks 
which contain thorn or are locally concentrated in patclies and 
bunches ; occasionally also fissures have by infiltration become 
filled with ores, and veins on a small scale have thus been pro- 
duced. Both in the Peninsular and Extra-Peninsular regions 
there are ancient mines of great extent whose history is lost in 
remote antiquity, but working for co]>j)er ores is now carried on 
only on the most limited scale. 

In the Madras Presidency trac(‘s of cojrpcu' in greater or less 
abundanc(‘ are found in Trichino[>o]i, Bellaiy, Kadapah, Karnul, 
and Nellore. S(mie of the most ('xtensivo (•o])per mines of this 
part of India are situatc'd in the Nollore district, in the vicinity of 
the. villages of Gunnipenia and Yerrnpilly. The natives of the 
locality attribui(‘ tlui working of the earliest miruis to the kings 
of Bijanagar; and after the fall of the Hindu em])ire in 1564 it 
is b(‘liev(Hl tliat the Mogul compierors and tlu‘. agents of Tipu and 
Hyder suceessively c.arried on mining i)perations. The excavations 
arc d(*.scribed as being of great magnitude, and extensive mounds 
of copper slags testily to the fact of large ([iian titles of ore having 
been smelted upon the spot. The ])rincipal ancient mines are 
thirty miles north of Yerrapilly, in the neighbourhood of 
Oorganpully; they an^ said to be 100 feet in depth, and to 
oxt(‘nd ovc'i* a length of several huiidrcil feet. The Nawab 
of th(^ ( /arnatic is stated to have worked mines in the Venka- 
tagiri taluk ])revions to the year 1780, and that tliey were only 
given \\\) on the assumption of the country by the British. 
The first attempt to work the mines of this locality by Europeans 
was made in 1S03, since which time operations have, at various 
perioils,beeu resumed; but on each occasion the workings resulted 
in pecuniary loss. The information which is possessed relative 
to the nature and extent of these deposits is far from complete, 
although it is certaiu that very rich copper ores liave been obtained 
from the mines. 

In Bengal at Bairuki, in the Deoghur district, copper ore was 
discovered by a native in tlie year 1849. The report of this 
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discovery created at the time a good deal of oxcitemont, although 
it does not appear that a company for working the mine was 
ever formed. Mr. Barratt, an English mine agent, however, 
reported favourably on the property, stating that the ore 
occurred in a champion lode 9 feet thick. In the Singhbhum 
district, and in the State of Dlialbhum, are ju’obably the most 
widely extended copper deposits known in Poniusular India. 
Traces of copper ores usually marked by the pn^sonce of 
ancient excavations, here extend at intervals over a distance of 
about seventy-six miles. The copper ores appear to exist on a well- 
defined horizon close to the base of the transition system of rocks. 
As a rule the ores are disseminated through bands of seln'st, the dip 
of which corresponds to tliat of the adjacent strata; in some })laces, 
however, they would seem to occur in more or less n'gular vtdns. 
Indications exist of mining and smelting haviiig bemi carried 
on in this region fmm a very t‘arly ]H'riod, the availahhj evidence 
pointing to tlie Scraks Ixung j)robably the first to inaugurate 
working in this locality. The iiundx'r and extent (»1‘ the ancient 
workings testify to the assiduity with wliieh (‘viTV trace of on* 
was followc‘d both by the (‘arly ])i<)Jiei‘rs a-nd sul)S(‘(jU(*]itly by those 
who followed th<*iii in mon* n-emt. times. Mining under Kuroj)ean 
management was commenced at Laudu and damjura in JSoT, and 
for a short i)cri<»d from hO to (15 tons weight of coppen* ore was turned 
out moutlily ; but either from injudieious expend ituri^, or through 
the poverty of the d(‘.posit, O])era.tions wen; aba.ijdon(Ml in IBoO. 

The (‘xcavations whielj mark the 2M)sition of tin; anei<‘nt work- 
ings at Baraguuda in the Ilazaribagh district, are si<uat(‘d along a, 
line of outcrop of nu'tamorjihic rocks, wliicli fijrm a ridge thnse- 
foiirths of a mile long between tin* villag(;s of rarsabora and 
Baragumla. Th(;sf; ror*k.s consist oi' ipiartziU; and granulite 
gradually pas.siiig into gneiss, associated witli micaceous talcosi; 
and hornble.ndic schists. The excavations at; this y)Ia(‘.e are very 
extensive, but nothing is known either as to th(*ir date or origin. 
Although some of the specimen.s obtained from this locality show 
that in many cjises the ore occurs as a con.^tituent of the schists, 
others would apparently iiKii<*ate tlic ])resencc of segregations 
parallel to the bedding. Dr. McfJlelland mentions the occurrence; 
of large quantities of co])]xt slags, covering S(*veral acres of ground, 
at the village of Giridi, about two miles distant from the mines; 
where, in the vicinity of fuel and water, the ores were evidently 
smelted. 

In the Central Provinces copper ore.s are known to exist in 
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Raipur, at Chicholi ; in Jabalpur, at Sleemanabad ; Narsingh- 
pur, at the Birman Ghat; and in Chanda, near Thana Wasa. At 
the Birman GhS-t, in the Narsinghpur district, copper ores were 
discovered in the year 1873 on a small island in the bed of the 
Narbada river. Mining operations were commenced shortly after- 
wards, and a parcel of ore which was sent to England for sale is 
reported to have paid its expenses. Shortly after the ground was 
first opened the band of metalliferous rock was stated to have a 
thickness of 6 feet. The results of subsequent operations are not 
recorded, but the mine was ultimately abandoned. 

Copper ores are found in several of the independent states of 
Rajputana, as well as in the British district of Ajmir. In these 
regions mining was formerly carried on upon a very extensive scale, 
but at present the business of the miner has become all but ex- 
tinct, since operations are carried on in but few localities, and 
always upon the most limited scale. Mines occur in the States of 
Alwar, Bhartpur, Jaipur, Ude])ur, Buiidi, and Bikanir. At Daribo, 
in the Alwar State, there are mines situated on a shar]3 anticlinal 
curve in a thin band of black slates intercalated in quartzites. 
There appears to be no true lode at this place, and the ore, which 
is co])pcr pyrites mixed with mispickel, occurs irregularly dissemi- 
nated tlirough nearly black slates ; nests of ore being also occasionally 
met with. The ore as is usual by the native process, is pounded, 
made into balls with cow-dung, roasted, smelted with charcoal, and 
afterwards refined in an open fire. During the last twelve years 
the average annual yield of this locality has only amounted to 3 
tons 8 cwts., and this, owing to the influx of European copper, is 
gradually diminishing. Small quantities of the sulphates ofeoi^per 
and iron are obtaim;d by Vv ashing the mine refuse. At Singhaiia, in 
the Jaipur State, the mines are described as consisting of tortuous 
galleries of great extent. At the working face fires were lighted, 
which caused the rock to split uj), and the loosened fragments were 
subsequently detached by the aid of we<lges. The principal en- 
trance to the mine is by a gallery driven into a ridge of quartzite 
in the direction of its strike, and at a point several hundred feet 
above the level of the plain. This gallery is sometimes 60 feet in 
width, is of considerable height, and from it three separate galleries 
strike off into the hill. In these there is scarcely a trace of ore 
remaining, and all the ends are concealed by fallen di^hris or by 
accumulations of water. These mines have long since been 
abandoned on account of their general poverty, but considerable 
quantities of blue vitriol, alum, and copperas are still manufactured 
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fiv)m decomposed slate and other refuse from the old worhings. 
At Khetri there are workings very similar to those of Singhaua. 
Tiie ores are here sold by auction to Mohammedan merchants, by 
whom they are smelted in small blast furnaces blown by hand 
bellows; the manufacture of blue vitriol, copperas, and alum, is 
actively carried on at these mines. 

According to Mr. Ball, there is no authentic information with 
regard to the existence of copper mines eitlier in Bombay or in 
Balochistan, but in Afghanistan a copper-producing district is 
known to exist between Kabul and Kuram. In the Punjab, 
copper deposits are by no means numerous, and none of them 
possess any particular importance. 

In the North-West Provinces, the districts of Kumaun and 
Garhwal have long attracted attention through their co]>per mines. 
These wore first examined by a (Punish miner so long ago as 
1838, and were subsequently worked at various times until tlu^ 
year 1855, when they were visited by Mr. W. J. Ilmiwood, wlio 
came to India for the purpose <‘f examining and reporting 
upon the metal li fibrous d(‘posits of Kumaun and (Jarhwal. Mr. 
Ilcnwoods rejxu’b deals ])rin(ipally with the iron ores of tlie 
country, but ho also dewotes several ]»ages to co])p(‘r d(q)osils, with 
which he was not, on ilie whole, fa-vourahly im|)ress(‘d. 

The district in which tin*. Sira iniiu'S sit-nated consists, for 
the most part, of clay slate, in which tra,ces of co])))(‘r are nnmerons. 
Several neighbouring d(qK>sits hav<‘, from tinu; to tinu', bt'on ex- 
amined, but mining operations of anyi‘xtent have In'cn coulincfi to 
one only, in which copper ores oc.cur in a stratum para, Del to tlui 
bedding of tlie adjoining rocks. ddi(‘ onvproducing floor is fr<»m 
two to thrc*e fee.t in thickness, but is at inUuwals enIai*g(Ml by tli(‘ 
falling into it of metalliferous strings ofipiarlz. Its principal con- 
stituents arc (piartz and talc, but tlie former, freipiontly mixeil 
with a little calcite, is by far tlie mon; abundant, ingredient. 
Although soTTK'timcs accompanied by iron pyrit(*H, chalcepyrih; is 
the most plentiful ore, and occurs in the form of sliort narrow 
veins, small bunches, and scattered granuh's. In tlui ri(diost por- 
tions of the deposit it is, however, very thinly distrihutcal 
throughout the matrix. 

The Danda Mine is situated near the top of a rugg(‘<l a,nd 
precipitous mountain, the ridge of wliicli is talcoso slab', and 
middle chloritic slate, wdiile tlie base is composcal of a mixture ol 
the two rocks in thin alternate layers. The chloritic slate is at 
intervals iuterstratified with thin lenticular beds of quartz, fiiw of 
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which exceed three feet in length or are more than six inches in 
thickness. Occasionally cldorite is, to some extent, diffused through 
this quartz, wliich is also sparingly mingled with iron pyrites and 
clialcopvriU*. Fig. 7(S, after W. J. Henwood, represents a section 
at tile Daiida Mine, in which A is talcose slate, B chloritic slate, a 
the metallileious (piartz, and /> joints. 

At Dliaripnr or Dhunpoore the slate rock of the neighbour- 
hood, which is generally blue, although sometimes buff or brown- 
ish in colour, has u.sually a silky lustre, and is much contorted by 
the int(n-calation of thin crooked and irn^gular bods of quartz. 
Idle (piaitz is almost invariably associated with small proportion 
of ealcile. A bed of siliceous limestone, of v/bich the prevailing 
colour is a pale b\iff, and which, though slightly undulating, may 



Fia. 7S.— Dauda Mine , suctiuu. 


be regarded as nearly horizontal, is usually about one foot in thick- 
ness, but occasionally enlarges to fifteen or even twenty feet. The 
slate and limestone are both traversed by two sets of joints; one 
nearly parallel to the strike, and bearing E. and W., and the other 
between N. and S. and 10' to 15' E. of N. and W. of S. Plach 
series is highly inclined, and in both dip and bearing is subject 
to frequent but inconsiderable flexures. In the majority of cases 
these joints exhibit mere contact surfaces ; sometimes, however, they 
enclose laniime of the adjoining rock, or plates of erubescite, while 
in others they coiitaiu a mixture of co])per ore and country rock. 
The iion-metalliferous material thus included is divided into ap- 
proximately lenticular masses by the reticulation of numerous small 
joints, which are often faced with clay. At these intersections the 
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surfaces of the lenticules of sterile matter, as well as those of the 
ore itself, are often marked by slickeiisides. A tliird set of joints, 
which bears about 30^ E. of S. and W. of N., is but iin]ievfectly 
developed. The joints of both tlie jnuncipal series widen, and 
become more metalliferous, in ]>roportii>n as they a])proaeh the 
nearly horizontal bed of siliceous lilnes^olu^ and then sonn‘times 
attain a thickness of above six inches. Tlu‘se characUudstie. deposits 
of ore do not, however, occur when the two syst.enis of transverse 
joints and the nearly pia'pendicular ones merely intersect one 
another, but at those 2 >oints only where tlu‘ intersi*ctions coino in 
contact with tlu‘ u})])er surface of the bed of limestone. 

The rock in the vicinity of these double intersections is often 
for some distance richly charijjt‘d with lU'sts of I'nibescite and co]>per 
pyrites, from which veins branch off and ])eni‘trate both tlie lime- 
stone and the adjoining slate. In extreme (*ases this im]n‘(‘gnati()n 
of the rocks ext(‘nds for a distance* of from tvv(‘ul y-livc* to thirty 
feet, but generally lor less than half that dista-mu*. Fig. .‘17, page 
92, after Henwood, shows the mode of occurn'iuaj of coj>])er ores 
in the rock joints at tliis mim*. Tin* n'port of Mr. Henwood 
on the Chaumattiya Mine ch'arly indicat(*s tin* g(*neral mode* of 
occurrence of co[)per ores throughout the r(‘gion. Ib^ says: 
** There is no /er/r or metallifeious rrni visibh) in it, nor have we 
seen one during our empiiries in this country.” ^ 

The existence of copper orc's in Darjiling was first dis<‘overc‘d in 
1(S54, since which time its ocTurremee in various jiarts of the 
district lia,s beiiii estalhslied. A mine which was opmu'd about 
1870 atMangphu, on the Ti^ta, is considm-(‘(l the best in .Darjiling, 
and is believed to be the only one at [ires^nt in ojieration. Tlie 
rock is a light green slate, containing irr(*guhu‘ layms of slaty sand- 
stone. The ore, with which there is but little iron ]>yriles, occurs 
in both rocks, in the form of Imiticular beds. The cupriferous 
layers occur at intervals tliroughout a total thicknc.ss of 200 feet, 
and openings have been made upon them at various levels. 

No copper ores have hitherto been discovere*d either in Assam 
or in British Burma. In Tenasserim specimens of an ore con- 
taining copper were obtained in 1803 at a point on the Yuonzalern 
River; some copper slags were also found in three different locali- 
ties ; but at the present time no coj) 2 )er industry of any kind is 
carried on in the country. 

Tin, &c. — Tinstone has been rarely found within the limits of 
Peninsular India, and the only localities in Extra-Peninsular India 

‘‘Selections from RccopIs, Govenimoiit of India,” vfd. viii. 3 8.>.o, p. 4. 

I’ V 2 


1 



436 ORE DEPOSITS. [i>akt ii. 

where it occurs in any considerable quantities, are situated in the 
Tenasseriin division of British Burma. 

In the Bengal Presidency tin oxide occurs at Nurunga, and is 
described as forming lenticular beds in gneiss which are seldom 
above one foot in width, but are sometimes as much as sixty 
feet in length. About fifteen years ago from 8 to 9 cwts. of 
metallic tin were obtained from ore mined at this place. 

In Bombay a few specimeus of cassiterite of mineralogical 
interest only, liavc occasionally been obtained, but as yet there is 
no reason for supposing that it occurs in quantities possessing any 
commercial importance. 

Tin ore is found in various localities in the Tenasserim division 
of British Burma, and is collected chiefly by Chinese labour from 
sands and other alluvial deposits. About the year 1873 the town- 
ship of Madoe-won was leased to Messrs. Steel & Co., a firm of 
Rangoon merchants, with a view to working for tin upon a large 
scale. In addition to an abundant supply of stream tin, various rich 
tin lodes were said to have been discovered. During the year 
](S74— LSTo machinery was erected, roads opened out, and a 
panud of ore ))repared, wdiieli yielded about seven tons of metallic 
tin. As, liowever, the outlay had very largely exceeded the 
returns, the lease was abandoned in 1877. 

So fax a,s is yet known, zinc ores are of rare occurrence in 
Ik'iiiusnlar India, l)ut in some of the Southern Provinces blende 
and calamine are doscribe,d as being somewhat more abundant. 
In Raj[)utana Uku’C is at h^ast one mim^, wdiicli is reported to have 
been foniun ly worked for ores of zinc. 

Cobalt ores in small (piantities are found in some of the mines 
of Rajputana, <and are us^d for the purpose of colouring glass 
bangles; ores of this metal also occur in Tenasserim. Both cobalt 
and nickid are present in small (piantities in the pyrrhotine from 
the Klndri Mines, and traces of nickel sometimes occur in iron ores 
from Bhangarli. Ores of manganese have been found in various 
localities, and some of the Indian iron ores contain a certain 
amount of that metal. 

Ikon. — Iron ores are so plentiful over large areas in British 
India., that it wouM bo impossible within the limits of the present 
notice to giv(‘ even the names of the various localities in wdiicli they 
are known to be abundant. In order, therefore, to convey an 
idea of their abundance and extent., it will be convenient, in the 
first place, to give a concise account of their mode of occurrence 
and (Ustributiou in rocks of various ages, and, subsequently, a 
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short description of a few of the most important deposits liitherto 
discovered. In Peninsular India the magnetic oxide occurs either 
in beds or veins -in almost every region in wliieh metaiuoiphic 
rocks prevail ; ^Yhile in certain localities, as in the Salem district 
in the Madras Presidency, the development of magnetite is on a 
scale of extraordinary niagnittide, whole ranges being composed of 
this mineral in its imrest condition. In many cases tliese deposits 
would appear not to be in tlic form of veins, but to occur as bods, 
in the same way as do the gneissoid and schistose rocks with which 
they are associated. In the Chanda district enormous de 2 )osits 
of specular iron ore and magnetite occur under similar circum- 
stances, Mr. Ball remarks with regard to the iron ores of India : 
“To the abundance and wide-spread distiilnition of tlu^se ores 
in the oldest rocks is no doubt to be attributed tlu‘ fact of tln> 
frequent recurremee of considerable (le 2 )osits, and the general 
dissemination of feri'ngiiious matter, which more or less cliaracs 
terise the sedimentary rocks of all subsocpiont ])criods.”^ 

Bedded magnetites is likewise known to oerur in the sub- 
inetamorjdiic or transition rocks ; while', both in the' m(;taine)rp]iie; 
and sub-rnetainorphic series, considerable veins of limonito are 
found in fissures and alemg lines ed fault. Exam])ies of such 
deposits occur in Kadapah, Karmil, Munbhum, Jabaljnir, ikv., A'c ; 
but the ricli e»res of (Je'iitral India oe;cur principally as hicmatite'S, 
in rocks belonging to the le)wcT transition se-rie^s. 

In the Gondwana syste'in eil* reu-ks, although many of tlu' 
conglomerates, sandste^ne's, and sliale's of the; Jl.irakar grouj) are* 
almost free from iron, otlieis <*nc]osi) ce)iuTe‘tieuiai y masses e)f 
limonite ; while in some*- of thej coal-fieilels bcdele el ebiy iie)nsl(jiie‘. 
occurs in sufiicic'mt quantity to le'iieleT tbeun of consiehuahlej imjjrut- 
ance. It is hebeved that h\ all the ce>al-fie‘l(]s these ori'S, wheithe-r 
of a concretionary or be‘d(leel eharae;te‘r, are^ used by tlie, native', 
smelters, but tlie'y invarialdy seleet the; unaltereMl earhonates only, 
as th(;y regard envs which leave be'cn jeartially 1 rajisformed into 
limonite as unsuitable for reduction. I'iie* so-called Jreaistone 
Shales are not re])rese*nted Ix'yond tlie limits of the; Damuda, Valley, 
and as a semrejo of iron ore their deivelopnie'nt is at its niaximiim 
in the Raniganj coal-field, wlien; then; is an inexhaustible* sujply 
of readily accessible eere. This mineral, wliieh originally e-xisted 
either as blackhand or as eday ironstone, lias, ne.ar tin; sujfaee 
been to some extent altereel into limonite. In tiie; Itaniganj- 
Kamthi group the elistribution of iron ore is very imeepiai, since 
1 “ G<;ology of vol. iii. i>. 
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in the typical Raniganj rocks ferruginous matter is often almost 
wholly absent; while in their western equivalent, the Kamthi 
group, there is not only much disseminated oxide of iron, but also 
thin layers of iron ore which are made use of by the natives for 
smelting purposes. 

The characteristics of the succeeding groups of the Gondwana 
series, so far as iron ores are concerned, are almost precisely similar 
to those last described. The Cretaceous rocks are next in sequence 
in the peninsular formation. In the Trichinopoli district of 
Southern India, rocks of this age contain nodules of iron ore in 
considerable abundance, and, when fuel was locally more abundant 
than it is at present, they were, to some extent, smelted by the 
inhabitants. 

The Deccan trap, wliich is believed to have been poured forth 
towards the close of th() Cretaceous period, and was perliaps con- 
tinued into early Tertiary times, contains large (luantitics of iron 
ore. This, to a large extent, (XK-urs in the form of disseminated 
crystals of magnetite^ but occasionally also either as nests or layers 
of haiinatito, gradually ])a.ssing into bole or ferruginous clay. The 
beds of rivers traversing this trap contain iron sands, and these, after 
concentration by washing, often suj)])ly the small blast furnaces of 
the na.tive iron-smelter. 

Segregated bands of iron on^, Avhi(‘h not unfrequently occur 
towards the base of certain IxmIs of laterite, are the sources of 
an easily worked brown haunatito which sometimes contains a 
large jx^rcentage of iron. These ores liave bccni employed by native 
smelters in localities .s(!attered ovtT almost the whole of India, while 
at Bepiir in Malabar, and at IMaliomed Bazaar in Birbhnm, the same 
ores have been smelti'd at establishments under British management. 

In addition to the foregoing there arc detrital ores of sub-recent 
age, rcsidting from the breaking u]) and re-arrangement of the 
older deposits, as well as from other supertieial accumulations of 
ferruginous material. Tlu*se, being gt'ncrally obtainable without 
much trouble, are fn'cpiently prefern'd by the natives to harder or 
more refractory ores. 

In Extra-Beninsular India iron ores are found in considerable 
abundance in gvou]>s of rocks, many of vrhich are of very different 
ages from those wliieh occur within the limits of the peninsula. 
The principal sources of these are Tertiary rocks ; but in the North- 
western Himalayas, and it is believed also in Afghanistan and 
Burma, there are considerable deposits of iron ore in the older 
metamorphic rocks. 
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In the Madras Presidency, iron ores arc said to be very generally 
distributed throughout the Madura district, and, according to Mr. li. 
B. Foote/ ores obtained fn^m lateritic conglomerates were formerly 
smelted, of which large heaps of slags scattered plentifully over 
the country afford evidence; the industry is, however, now extinct. 
In this district, a deposit of magnetic iron ore occurs in gneissic 
rocks about a mile north-east of the village of Mallami)aUi, in 
the Pudokotai State. Mr. Blanford/- in his description of tlui 
Cretaceous rocks of Trichinopoli, mentions that they fretpienily 
contain nodules of iron ore, which were formerly smelted, as is 
evidenced by numerous mounds of slag ; but owing to the scarcity 
of timber the industry is now almost, if not entirely, extiiujt. TJie 
extent, number, and thickness of the beds ol‘ magnetic iron ores in 
the Salem district, is among tln‘ most riunarkable iihenomena 
connected with the geology of India. Mi ssis. W. King and 11. B. 
Foote, who have givxm an account (»f the distribution of these ores, 
have divided them into the following groups : — 

1st. Tile (h)dumullay group, easi. and north-east of Salem. 

2ncl. The I'ulla.inullay-Kolymuliay group. 

3rd. The Sirigijmttav group. 

4th. The Tirtaiiiuilay group. 

fith. The Kunjamullay grouji. 

On actiounl of the pt rsisteneij of these* IhsIk ov(‘r long distaiiCi's, 
tlu‘y frequently afford a. valuahhi elm* to tin* geological struetiire of 
large areas. Tliey, in snnu* eaS(‘S, form tin* culminat ing ridgi's of 
higli rangt'S of hills, and are occasionaliv Irom 50 to JOO l(‘et in 
thickiH‘ss. When*, thereldie, Mich beds anicitliei vertical or steeply 
inclined, enormous amounts of ore are laid bare in <'Iiffs and e.scarp- 
ments. The purity of this ore varies consitleraJily, lieing sometimes 
much mixed with (piartz, but ore (»f the lK*st (piality is, mwertlu^- 
less, to be obtained in quantities wbicb can only lx* estimated in 
thousands of millions of tons. The. ‘‘ Porto Novo Stixd and Iron 
Works,” wliicli, in 1833, wore establi.shcd in Sontli Arc()t, were, uj) to 
the time of their suspension, supplied willi ores IVom Salem. 'I'he 
same company appear to have also e.stablislicd works at Bepur. Uow 
long they continued in operatioii is not known, but thf‘y appt'ar to 
have fallen into the hands of a succession of companies, and tlie 
ore is believed to have b(.*en derived from tlie laterite. In 1801 
puddling was superseded by the ini reduction of a Bessemer 

* Jicmrdft Gcol. Snri\ Jnd,, vol. yii. 1879, p. 147. 

2 Mrm. Qcol. Hurv. Jmd.^ vol. iv. 18^5, p, 218. 

* Jbxd., vol. iv. 1805, p. 58. 
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converter, which <loos not seem to have been a success, as the worts 
liave bcfui c]<js(m 1 fur suine yc*ar.s. In the Kadapali and Karnul 
districts, Madras, iron ores occur in great a])undance, and are treated 
at a, number (d‘ native iron-sniL‘]ting villages situated along the 
eastern side; of tlui Khundair Valley. C.Vn taiu tracts in Hyderabad 
or the Nizam’s Territory liave long been celebrated for their iron 
ores, as well as for the good quality of tlm metal produced from 
them. Jn the Orissa Tributary States tlm manufacture of iron is 
earri(*d on upon a very small scale, and by an (extremely rude ]»rocess. 

Jn the llirhhum district in Bcmgal, wIku'c attempts, extcmdiiig 
from 1777 to 1(S7<S, lia ve been unsma essfuliy made to introduce the 
Jl]uropean system of iron mining, the ores are <h‘S(;ribed as bi'ing 
jiartly earthy and jiartly magiK'tie oxides of iron, wliieh oi'cur dis- 
st‘minat(ul in a soapy tra])]K*;iu clay found in bt‘ds towards the base 
of tlwi laterite. 

Nb>t\vithst.anding tiie abnndance of iron ortj throughout Sani- 
balpur, Rehralvol is Uk' only locality in whieh smelting is extmisively 
carried on by the natives. In tlie Jahaljmr district iron ores occur 
uii(]('r four distinct (‘onditions, namely, as (K'trital a.ceumulations, 
in the (londwaJla sandstones, in suh-inetainorphic rocks, and as 
a,cciimularions in fissures and along lines of fault. In th(i Nar- 
singlipur dislriet, IIkmuvs c»f Oinarpani have lotig attracted attcmtioii 
on aetM)uii1 of the (‘xeidK'nl (juality of the iron maniifai'tured from 
them. ^rh('S(‘ ores ar(‘ ass<K‘iat(‘d with ([uart,zit(is and limestones, 
but (ludr pn-eise mode of (M'cunvnee is somewhat obseiire. The 
iron ores of the ( 'lianda distiiet are ext laordinarily rich and 
abundant, and eom]»rcdiend magnetite, hamiatitc, and various 
hi(.i*rit.ic ores. 

Among th(^ most inqxu'tant deposits of iron ore in Central 
India are those of tlu* Gwalior State, wliich include magnetite and 
red and brown hamiatites, which weie once somewhat extensively 
worked by tlie natives, but are now, to a groat exhmt, neglected, in 
consi‘(picnce of tlie great distances the ore has to be carried to the 
fuel. Large de])osit.s of iron ores occur in numerous other localities in 
Central India, but in one only, namely, at Barwai, does any attempt 
upjiear to have been made to introduce European processes of 
manufaciiire. The ure is chiefly liiuonite occumng in irregular 
masses, but luematite is also ftniiul iii the neighbourhood. In the 
year 1S61 the lueetion of all the plant necessary for the production 
of cliareoal iron was eomnumced in this locality by Mr. Mitander, 
a Swedish metallurgist, but the works wore never cumidcled, and, 
consequently, no iron was i>rodiice<l. 
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, Throughout the Prosiileuey of Bombay iron ores ocour in 
the form of magnetite, luematite, ami limonite. These ores arc 
all more or less extensively worked in native foiges, but we 
have but little information with regard to their res})eetive modes 
of occurrence. Although the celebrated Delhi ])illar, whieh is 
umiuestionably the finest known exainj)Ki of Indian nudallurgical 
art, is wdthin the limits of the runjab, this ]>rovince is no longer 
remarkable for its manufacture, of iron. The inui ores of the 
Raniganj tield, Bengal, all oee\n* in the ironst one shale whieh inter- 
venes between the eoal-bearing gr()n}>s of Ihinigaiij and Barakar 
in the Daniuda series.^ Thesi‘ ironstone shales an* iratH'abh* at. 
the surface for a distance of several miles, the total thiekiu'ss of 
the grou]> In'ing estiniatt‘d at 1,400 le(*t. Ihi* ore does not occur 
throughout, but is most abundant, towanls the top and botfoin, 
where it is found in bands, lenticular masses, or as strijjgs of 
nodules. It is usually a clay ironstom^ scnncwliat altc*rc(l near the 
surface, hut in some jdaces a regular l)lackl)an(l ironstom* has bet'ii 
met with. It is easily obtained at shallow d(*pths, and for a long 
time no regular mining would be necessary. During the last Hfty 
years pro])()silions liava* at various times been ma(h* to sl.a-rt tlie 
manufacture of iron upon a large seale in this locality. The 
matter was not, how(iver, seriously talu'ii up tintil 1S74, when 
the “Bengal Iron Company^’ was formed; but in 1870 it e(‘j»s(‘d 
o])erations. The cause of tliis nou-sucet‘ss is att.ribiiU'd, in tla^ first 
}»lace, to tile iusufiieic^ney of the original eaj^ital, and, in th(j second, 
to a heavy and un(*xpoeted eharg(* which was Jiia.(hi for thi* la, ml 
taken up by tlm (‘oinpaiiy. Tlie ore, which is of good ([iiality, and 
contains from 40 t.o 47 }K*r cent. (4* imhillic. iron, \^^MS laise.d ami 
laid down at tlui furnaces at a cost of about om^ shilling pi*r ton. 
From its commencement to the time of its suspension the lhaigal 
Iron (Company made 12,700 ions of ])ig iron, the i\ite of production 
being about tw(‘nty tons daily. Iron ores occur in tin.* Manbhurn, 
Singbluini, and Hara/ibagh districts ; in the latter the crystalline 
and metamorpbic rocks, said to contain large (piantitic^s of magnetite 
and other ores of iron, were, a few y(;arB since, examin(*d by M(‘ssrs. 
Bauerman and Ball, who were of opinion that the accf)unts pre- 
viously given with regard to its (piantity had b(M*ii consideralily 
exaggerated. In the sub-division of Palamow, iron ore occurs in 
w^ell-dofined zones of ferruginous slates 200 feet in tliichnoss, 
of which aViout 10 per cent, may be regarded as of workable 
quality. 

1 W. T. Bliuiford, Mna. GfoL Hurr. huL, vol. iii. ISOf), i». TJl. 
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In the North West Provinces tlie existence of rieh iron ores in 
Kumaun was first noticed in the year 1850, and in JS55 Mr. W. J. 
Henwood was commissioned to visit India and to examine and 
report upon the iron and coppcT ores of Kumaun. This report 
was not favourable to the views previously exprcKssed with regard 
to iron-smelting upon the plains, and Burrulgaon was consequently 
selected as the site for an experimental blast furnace. The results 
obtained were regarded as unsatisfactory, but, nevertheless, with a 
view of demonstrating the possibility of successfully manufacturing 
iron upon a large scale in India, the Government in 1857 erected 
new works at Dochauri, and at the same time a commercial under- 
taking also commenced operations under the title of “Davies and 
Co ” In 1860 the Government, having become dissatisfied with the 
results, sold the works, which were bcjught on behalf of a com- 
pany which in 1862 became amalgamated with Davies and Co., 
under the name of the “North Indian Kamaun Iron Works 
Company, Limited,'^ and in 1864 suspended operations. In 1874 
Mr. H. Bauerrnan visited Kamaun and reported with regard to 
the advisability of re-establishing the manufacture of iron, but 
his opinion was unfavourable to the project. This view of the 
question not having been acceptable to the local authorities, a 
report was called for from the Geological Survey, and in 1877 the 
Government «again embarked in the manufacture of iron. In 1879 
the works were still in operation, but with unsatisfactory results. 
The fuel employed was charcoal, and the ores specular and 
micaceous h«a;matitc from Ramgarh, occurring in crystalline 
schist, hfematites from small veins in quartzite in Kharina, clay 
ores from Kaladhungi, and siliceous brown hsematites from Dechauri. 
Tliese ores, all of which are more or less siliceous, contain from *11 
to 1*67 per cent, of phosphoric anhydride. Of these localities the 
first two are in the heart of the mountains at some considerable 
distance from the furnaces, while the other two are immediately 
adjacent to them. Although called clay ironstones and siliceous 
hsematites, they arc actually concretionary limonites of very inferior 
quality, often containing more sand than iron ore. Throughout 
India the ores of the crystalline rocks are extraordinarily pure, 
while those of the sedimentary deposits are lean and contain 
phosphorus. 

In Assam, the principal ores found in the valley of the 
Brahmaputra are clay ironstones of the Coal-measures, and an 
impure limonite from the Sub-Himalayan strata. Ball states that 
the only iron ore worked in the native furnaces of the Khasi and 
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Jwuntia hills is a titaniferoiis magnetic oxide, procured by Avashing 
ferruginous earths and gravels. 

In the Pegu division of Burma, an abundant supply of iron orc^ 
is found in the Tertiary rooks of the Eastern Prome district. In 
Timasserim, seventeen distinct localities are known in which there 
are deposits of iron ore, all being situated in the Tertiary hills 
between Maul main and Tavov. 


STRAITS SETTLE]\IENTS. 

These settlements, so-called from thtdr situation in the Straits 
of Malacca, comprise Singapore, Penang, Province Wellesley, and 
Malacca, and in connection with them are the protected Native 
States of Perak, Salangore. and Sungei T^jong.^ Travellers have at 
all times celebrated the metallic riches of the Malayan archipelago, 
and ancient historians speak of an active commerce existing long 
before tbe Christian era between India and the western countries 
of Arabia, Egypt, Greece, &c. The Peninsula of Malacca was not 
less celebrated for its mineral riclu's, as it figures on the maps of 
Strabo and Ptolemy under the significant nanu; of the Golden 
Chersonese. In the sixteenth century ilalacca was the most im- 
portant centre of Further India, gold and tin being then the object 
of an important trade. Tin ap|)ears to have been for a long period 
produced in the State of Perak, sinen* all travidlers agree upon this 
point. Godiuho de Ercdia, at the hoginning of the seviuitei^nth cen- 
tury, states that the country of A’^iontana, now called Sungei Fjong, 
produced gold, silver, mercui'y, tin, and larger (pnintities of iron. 

The celebrated French traveller Tavernier (lf)77) states that 
the money in Queda and Perak was inadti of tin ; this coin weigh (*(1 
1-J oz. and passed for two “.sols.’' The valu(‘ of tin in Perak must 
consequently have been about 2,200 francs or £88 })or tonne. The 
mines of which Tavernier speaks, .soon, however, ac<[uired a 
considerable extension, as the king did not long content himself 
with working the tin for coinage, but also produced it for 
exportation. 

The geological characteristics of the Peninsula of Malacca 
are as yet but little known, owing to Ihe difficulty of accc.ss to 
the interior and to the dense vegetation which there prevails. 
The mountains are generally composed of granite, which is 

' M. J. EiTington de la Croix, Leg Mines d’^lfain de Perak ” Paris, 1SS2. 
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traversed by quartz veins containing tin ; iron ore also occurs in 
large irregular masses, but at present is not worked. The quartz 
veins contain tin ore associated with iron oxide, and sometimes with 
gold. The tin ore of Perak is cassiterite generally of a brown 
colour, but in some districts it is white, grey, or pink, and is often 
translucent. The lodes occur under the same conditions as in 
Cornwall, and in some districts they must have attained a consider- 
able thickness, judging from the • enormous alluvial blocks of 
massive ore which are sometimes found. The ore is never obtained 
from mines, the alluvial detritus only being washed in stream- 
works; the ore is exceptionally pure, and contains no sulphur, 
arsenic, or wolfram. 

The production of tin has for several years constantly increased, 
wliich sufficiently proves the progress of mining in Perak. 

The exportation for five recent years was as follows : — 


Yeur. 

narout. 

Lower I'eruk. 

Total. 


ToiincH. 

Tonnes. 

Tonnes. 

1878 

1,783 

271 

2,054 

1877 

2,. 511 

547 

3,058 

1878 

2,805 

730 

3,634 

4,326 

1«79 

3,478 

848 

1880 

4,406 

1,038 

5,444 


The production of tin in 1880 amounted to 5,444 tons, of 
the aggregate value of £450,000. The exports of metallic tin 
from Perak in 1882 amounted to 7,000 tons, and about 40,000 
Chinamen were employed. Penang not only receives the entire 
production of Perak, but also tlie tin j)roduce(l in Siam and its 
dependencies which occupy the western side of the peninsula. This 
mportatiou amounted in 1879 to 8,803 tonn; a quantity ap- 
proaching the tot<a1 production of Cornwall. The total amount of 
tin exported from Penang and Singapore in 1882 was 15,042 tons.^ 


DUTCH EAST INDIES, &c. 

ITolIand produces no valuable metallic minerals, but the Dutch 
possessions in the East Indies furnish an important supply 
of tin.^ 

^ “ Mineral Statistics for the year 1882,” p. 124. 

- Kverwyn, Jaarh. Dost. Indies vol. ii. 1872, p. S3. 
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. The island of Baiica may be regarded as a continuation of the 
mountain chain of Malacca, exhibiting similar geological ch.aracter- 
istics, and possessing tlie same ricdies in tin streams. This island 
contains several large masses of coarse-grained granitt', in Avhich 
vt'ins of porphyry and li no ly granular granite are met with. Tlu'se 
granitic bosses are surrounded by slates and sandstones of Silurian 
age, in which tin ore is sometimes found in jxK'ki'ts occurring 
between the planes of stratitication. The ore is mainly, howevta*, 
obtained from Streamworks, and is smelted u])on the s])ot by 
Chinese labour. Like Banca, the island of Billiton consists of 
granitic masses surrounded by Silurian slates and (piartziti's. In 
1882 Banca and Billiton together [)r()dnc(Hl 8,550 tons of metallic 
tin, Banca alone yielding 4,1127 toiis.^ Part of this tin goes to China 
and India, but that destined for Europe is sold by auction at 
Rotterdam and Amsterdam. 

Borneo. — The metallic and metalliferous productions of Borneo 
include gold and platinum as well as ores of quicksilver, copper, 
iron, tin, and antimony. Sambas, Laudak, Montrado, and Borneo 
proper, furnish the greater proportion of the gold. The auriferous 
beds consist of coarse sands and gravels, oi’tcn overlying bods of 
clay. The annual amount of gold colle(*tcd cannot be ascc^rtained, 
but the export from Brunai in 1880 was of the value of 

Borneo also supplies a certain amoujit of platinum, wliicli 0(‘curs 
at the south-eastern extremity of the island, where the rocks 
chiefly consist of serpentine, diorite, and gabhro, covered by 
a deposit of clay fifteen feet in tliickness, iindiT which is an 
auriferous bed containing magnetic iron sand, j)latiiiurn, and 
iridosminc. 

Antimony was discovered in Borneo in 1825. The chief mine 
is at Bidi in Sarawak, and in 1880 antimony to the value of §72,51 (i 
was exported. Uuriiig the same year the export of (piicksilver 
amounted to §66,^100. Sumatra, Celebes, aTid the Philippine 
Islands furnish considerable amounts of gold. 


JAPAN. 

The earliest accounts we have of Japan ^ r(‘pn.*sont that country 
as possessing great metallic wealth. Marco Polo tells remarkable 

Mineral SlatiyJirJi for fie year 1SS2, p. 124. 

2 II. S. iMunroe, “The Mineral Wealth of Jajjan,” Tran.'f. Jiner, Jnd. Minimj 
Entfinecru, vol. v. 1877, p. 
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stories about the gold in “Zipangu.” Ksempfer, in 1727, speaks 
of the mineral wealth of Japan, and especially of Ihe abundance 
of gold. While the Portuguese and Dutch had trading stations 
in the country, it furnished tangible evidence of the truth of these 
early rejiorts. Between 1550 and 1GJ9 the Portugiu'se merchants 
sent home nearly $:100,()00 000 worth of bullion, chiefly gold. 
After the Portuguese, the Dutch continued this trade, and between 
1640 and 1671 sent home over $200,000,000 in bullion, of which, 
however, nearly two-thirds was silver. In 1671 the Japanese 
Government issued an edict stopping this commerce. Between 
1600 and 1858, about 280,000 tons of coi)per were exported by 
the Dutch, and 250,000 tons by Chinese merchants. Ksempfer, 
in 1727, enumerates iron and tin, in addition to gold, silver, and 
copper, as products of Japan. 

Of all the metalliferous minerals, the ores of iron are the most 
abundant, and nearly all the different varieties are represented in 
Japan ; but magnetite and magnetic iron sand are probably the 
most important. In 1874 more than 400 washings for iron sand 
were in active operation. 

Copper is comparatively plentiful, but although it has been 
mined, to some extent, for nearly twelve centuries, the active work- 
ing of the mine 's dates no farther back than about 300 years. The 
average annual oroduction during the past 250 years has been 
about 2,800 tons in 1830 it was 4,000 tons, and in 1874 3,360 
tons. This repres uts the united product of about 200 different 
mines, but, among these, four only furnish about one-half the 
total amount. Copper ores occur in veins which are sometimes 
true fissures, but more frequently they are of limited extent and 
are apparently irregular deposits. In both cases there is usually a 
certain parallelism between the different veins in the same region. 

The deposits of lead ore in Japan are neither numerous nor 
particularly valuable. Galena occurs in veins associated with 
ores of copper and silver ; in 1874 thirty-five mines produced 207 
tons of lead, more than half of which was the yield of a single 
mine. Of the remaining mines probably two-thirds yielded less 
than a ton each. 

Tin ore occurs only in veins, although it has been stated that 
deposits of stream tin have also been discovered. Nearly all the 
tin produced in Japan comes from the Taniyama Mine, where 
there are 21 distinct veins, averaging eighteen inches in thickness. 
These traverse sedimentary rocks composed of soft tuffs, shales, 
and sandstones, with occasional beds of hard, dark blue quartzite. 
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Tlie surface is almost every where covered with a deposit of modern 
pumice, and exposures of volcanic rock are common. The veins 
course from north-west to south-east ; the strike of the rocks is from 
north-east to south-west, and the ore, which is cassiterite, is 
enclosed in a quartzosc gangiie. One hundred and twenty 
persons are employed, and the annual production is about 
eight tons. 

In 1874, four mines were producing antimony, but only on a 
very small scale. Cinnabar occurs in two localities, as imprt'gna- 
tions in the sandst ones of the Coal-measures. 

The silver-bearing veins are, as a rule, true lodc‘S, continuous in 
depth, regular and persistent. In 1874, ninety -eight mines pro- 
duced 312,000 oz. of silver, of which one-half was the yield of 
ten mines. Silver occurs associated with co]>por and lead ores, and 
sometimes also with gold. Native silver, argentite, and antimonial 
silver ore, are the only true silver ores found ; but this metal like- 
wise occurs in fahlerz, in galena, in copper and iron pyrites, and in 
blende. 

Gold occurs in quartz both in veins and in placer deposits, but 
the latter are uniformly poor. The principal portion of the gold 
annually produced comes from mines worked chiefly for silver. 
Mines producing gold alone are, as a rule, not remunerative. 

According to the records of the Japanese Mining Oflice, there 
were in 1874 no less than 1,856 productive mines in Japan. The 
following table gives the production of metals in Japan during the 
year 1875. 


Production of Mktals in Japan, duhino ihk Vi:ah ]S7r».^ 


— - . 

__ . 

- 

— "" 

Metals. 



£ 

Iron 


_ 

10,042 

Gold 

— 

: 

61,000 

Silver . 

— 

, 0,700 

80,4!»0 

CoT)])er * ' . 

a,r»4'> 

“ 

18.6,700 

i licad 

! 18S 

; — 


[Tin 

1 ^ 

— 

019 

1 Total 

i 

i 


3ys,r)08 


Compared wdth the reputed yield of the country in Portuguese 
and Dutch times, the above table shows a considerable falling off, 
Iff- de Vlndustru Minirale en Fra-nce^ 18S2, p. 200, 
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especially in gold and silver. This is mainly due to the increased 
value of labour, and to the exhaustion of some of the more easily 
worked deposits. 


THE AUSTRALASIAN COLONIES. 

Victoria. 

Tlie chief metallic product of the colony of Victoria is gold, but 
both tin and copper ores are successfully mined, while ores of lead, 
antimony, and iron, likewise occur in considerable abundance. 

Gold. — The gold of Victoria is derived from three distinct 
sources, namely, from recent alluvium ; from deep leads chiefly of 
Tertiary age ; and from quartz veins. The deposits belonging to the 
first class require no detailed description, and consist; of recent 
drifts, and surface accumulations actually in course of formation.^ 

The older dei)Osits comprehend dril'ts of Pleistocene, Pliocene, 
and probably also of Miocene age, but of these the second arc the 
most numerous and productive. Pleistocene deposits generally form 
the alluvial flats which are found more or less constantly in all 
the valleys of the gold regions, and through which the streams of 
the present day have worn their channels. They arc composed 
of gravels, sands, clays, and loams varying in their order of succes- 
sion, and of which the composition differs in accordance with the 
nature of the rocks from which they have been derived. 

The deeper drifts, chiefly of Pliocene age, have, in many in- 
stances, been protected from the action of denudation by a thick 
covering of basalt. This forms a prouiincnt feature of many of 
the older leads tliroughoiit tiie colony, as exemplified in the case 
of the Durham Lead near Ballarat, where the lava has flowed down 
the course of an ancient valley and covered a river-bed and its 
accumulated sands and gravels to a depth of nearly 300 feet. 

Although a very large iiroportion of these old river accumula- 
tions are of Tertiary age, there w'ould appear to be others still older, 
even dating from the (Inrhoniferous period. 

The quartz reefs of the colony are, for the most part, enclosed in 
Silurian rocks, which they frequently traverse parallel to their 
bedding, while in other eases tliey intersect them independently 

^ Much valuable iiiforinatioii rdativo to the occurrcuco of gold in this colony has 
l>t‘cu derived from Mr. R. llrough Siu} th’s “Gold Fields and Mineral Districts of 
Victoria.’’ Melbourne, 1860. 
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ol\their stratification, and thus become true lodes. Gold isnotonlv 
found in veins traversing granite and dioritc, but is also souk*- 
times disseminated throughout the rocks themselves. It likewise 
occurs in sandstones, and between the bedding planes of Silurian, 
Devonian, and other rocks. In veins it is (d'teii associated with 
iron pyrites, galena, and other metallic sulphides, as well as with 
tlie oxides of iron and manganese, together with calcito, chalybite, 
carbonate of manganese, and bitter spar ; and, more rarely, heavy 
spar. Pieces of fossil wood found in the deeper diggings, as well 
as fragments of mine timbers from some of the older workings 
in deposits of this class, have, under the microscope, exhibited, 
distributed throughout their mass, particles of gold associated 
with iron pyrites. 

The principal mining districts of Victoria are Ballarat, Beech- 
worth, Sandhurst, Maryborough, Castlemaine, Ararat, and Gippsland. 
In the early days of gold mining in Australia, prior to the 
discovery of deep leads, and before the working ()f (]uartz reefs 
w'as begun, the miner was content to wash the sands brought 
down by rivulets, the soil lying on the slopes of hills, or gold-bearing 
strata accumulated in valleys. From these sourc(\s has been de- 
rived a by no means inconsiderable proportion of the gold produced 
in Victoria. 

The principal gold-fields of tho mining district of Ballarat are 
Ballarat, Buninyong, Creswirk, Clunes, Smythesdalo, Blackwood, 
Steiglitz, and Gordon ; at all which places ricli surface gravels 
and shallow deposits have been found. Tl](‘ shallow diggirigs at 
Buninyong and Sinythesdale, like those of Ballarat, were once 
remarkable for the wealth obtained from shallow’' gullies and from 
the surface of tlui hills. At Creswick th(^ shallow alluvium was 
in many places very rich, and shortly after tho field was first opened 
a party of miners took 145 oz. of gold from the both^m of their 
shaft ; and where a rich ])atch was struck it w^as by no means 
uncommon to see 12 oz. washed out of one tubful of dirt. The 
Blackwood gold-fields are situated on the u})per tributaries of 
the Lerdorderg River, which have cut deejrly into the s(;hists 
forming their beds. This gold-field oflered peculiar facilities to 
miners with limited capital, inasmuch as no deep sinking was 
required, nor w^as any machinery for lifting water necessary, since 
there is in every part an ample fall for the drainage. Tint Steiglitz 
gold-field is situated on the upper w'aters of Sutherland’s Creek, a 
tributary of the Moorabool River. When these diggings w'cre first 
opened, about the year 1855, one miner, assisted by a boy, is said 

G G 
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to have collected gold to the value of £100 in one month, ^nd 
nuggets of ten ounces and above were sometimes met with. Gold 
is found in every part of the Ballarat district where Paleozoic 
rocks come to the surface. 

The principal mining localities of the district of Beechworth 
are Beechworth, Yackandandah, Chiltren, Wahgunyah, the Upper 
Ovens, Morsels Creek, Omeo, Wood s Point, Maindample, Alexandra, 
and Ghin Ghin. This is an interesting district, since it not only con- 
tains shallow alluvium, deep leads, and rich quartz veins, hut also 
yields stream tin, and various other minerals, including, occasionally, 
the diamond. The Beechworth and Yackandandah gold-fields lie 
within a network of ranges some twenty miles south of the river 
Murray, and comprehend many tributaries of Kiewa Creek and 
the Ovens River. In some places masses of granite protrude 
above the surface, and the detritus of sedimentary strata appears 
to have been left in basin-like depressions in the granite. Tin ore 
is found in many places, and in Serpentine Creek the black sand, 
which is in the proportion of a pound to a panful of dirt, yields 
gold at the rate of two ounces per ton. The Ovens River is 
everywhere auriferous; the bed-rock is generally very uneven, 
and consists of soft yellow sandstone interstratified with hard 
blue slates. In the Morse’s Creek gold-field some very rich 
claims have been worked. One, taken up by a company of six 
men, yielded for some time from 60 to 150 oz. of gold per week; 
and near Harrietville the miners found gold in the ranges at 
heights varying from 40 to 100 feet above the level of the streams- 
The Wood’s Point gold-field lies on tlie northern slopes of tlie 
great dividing range which separates the Gippsland waters from 
those of the Murray district. The formation is schistose, and the 
rocks, which are Usually of Upper Silurian age, are remarkable for 
being traversed by eruptive dykes and metalliferous veins. Some- 
times, although rarely, the gold lies either in a thin layer of sand 
or pipeclay, or directly on the surface of the bed-rock. More 
frequently, however, it is met with in the crevices of the rock itself, 
which ncjir the surface is often more or less decomposed, and is 
broken up by the miner to a depth of from 20 inches to 2 feet. 
Gold is also found in pot-holes ; and where these cavities occur, 
the bed-rock is usually either a hard schist or a somewhat decom- 
posed granite. When the gold is found either on the surface of 
the bed-rock, or is embedded in pipeclay, the course of the stream is 
usually across the strike of the rocks, and the gold, with more or 
less sand, is chiefly found behind a hard bar, such as that seen in 
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Fig. 79, from Th^ Gold Fields and Mineral Districts of Victorm, in 
which a is the surface of the water, 5, wash composed of large 
disc-shaped slate pebbles with quartz and a little gold, c, bed-rock 
slate, and d^ gold associated with sand. In some cases the gold 
accumulates on one side of a creek, as shown in Fig. 80, in which 
a is the sloping bed-rock of slate, h, gold in pipeclay, and c 
ordinary wash consisting of slaty pebbles with fragments of quartz 
and a little gold. The depth of the wash passed through the 


t c d a 



I'kj. I'.K — Auriforuiis Uivcr-l)f<l ; longitudinal section. 


washing sluices varies in different localities, and is, to a considerable 
extent, regulated by the facilities wliicli may be at the command of 
the miner. Sometimes the whole of the drift, and two feet of the 
bed-rock, is passed through the washing ajijiarotus, but the gold is 
chiefly obtained either from the surface of the bed-rock, or from 
joints in the rock itself. 

In the district of Sandhurst, the most important mining 
localities are Sandhurst, Huntly, Scibastian, Raywood, Kamarooka, 
Myers Creek, Bullock Creek, Mclvor, Duck Ponds, Re(]ca.stlc 



Rushworth, Whroo, Kiliriorc, Reedy Creek, King Parrot (^Veek, 
and Yea. The gold-fields of Sandhurst are situated on the upper 
part of the Bendigo Creek, which, for a distance of sixteen miles, 
runs nearly due north, its basin being bounded on the east and west 
by low schistose hills running north and south. Those throw off 
numerous spurs, some of which are nearly at riglit angles to the 
principal range, while others are approximately parallel. Although 
now more remarkable for the large yield of gold obtained from its 
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quartz veins than for the value of its alluvial deposits, Bendigo 
at one time attracted thousands of miners to its shallow diggings, 
and many tons of gold have been obtained from these deposits. 
The area of this gold-field is about sixteen square miles, nearly one 
fourth of which is covered by alluvium. Tertiary drifts also occur 
at Bendigo. The other gold-fields of the Sandhurst district 
require no special notice. 

The mining district of Maryborough comprehends the gold- 
fields of Maryborough, Amherst, Majorca, Talbot, Avoca, Lamplough, 
Amphitheatre, Mountain Hut, Peter's, St. Arnaud, Moonambel 
Red-Bank, Bet-Bet and several others. The Daisy-Flat Lead at 
Amherst, which is about seven miles in length and at one point 
nearly a mile in width, had in its neighbourhood very rich patches 
of shallow alluvium, derived from a series of parallel quartz veins 
lying to the south-west. Black Creek, which is a tributary of Dee]) 
Creek, has been rem<'irkablo for its numerous shallow alluviums ; 
and the aggregate length of all its gulli(is and flats may bo taken 
at nearly twenty miles. The Amphitlu'atre and Mountain Hut 
Diggings an? on the sources of the Avoca River, and lie immediately 
nortli of a basin having the western spur of the great dividing 
range for its southern rim. This basin is composed of granite, and 
the dividing ranges follow very closely the boundaries of the 
formations. At Lamplough the rich ground occurred in patches, 
and in one case 10<S oz. of gold were liero obtained from five 
loads of wash-dirt. The St. Arnaud gold-field is not less remark- 
able for its steady jdeld of gol<l than for the silver found in veins 
in the neighbourhood. In this district the operations of the 
miner are freipiently impeded from want of the water necessary for 
washing the auriferous dirt. 

The Castlemaine mining district includes the gold-fields of 
Castlemaiue, Fryers' Cheek, Taradale, Yandoit, Hejiburn, Dayles- 
ford, Blue Mountain, Malmsbury, Anderson’s (Yeek, and the Upper 
Yarra. The greater portion of the gold-field of Castlemaine is 
occupied by ranges composed of sandstones, mudstones, and slates, 
which are probably of Silurian age. These rocks are usually not 
much altered excepting in the immediate vicinity of the granite, 
where hard fissile slates make their appearance. The strata are 
everywhere intersected by veins of auriferous quartz, and all the 
creeks and gullies are filled with recent alluvium, varying in 
thickness from a few inches to fifty feet. In the vicinity of Red 
Hill there were four distinct lines of alluvium, the depth at the 
sides varying from one to six feet, but gradually increasing to 
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fifteen feet to the dip. Hero a party of miners took from tlieir 
claim gold to the value of £30,000, and another found GOO oz. in 
one pocket; the average yield was about 12 oz. to the tub. 
Patches of the older drifts occur in many places in Fryers’ Creek, 
but tlieir continuity has been destroyed by denudation. The 
shallow diggings in this place were once exceedingly rich. 

The principal gold-fields of the Ararat district are Ararat, 
Armstrong’s, Great Western, Pleasant (Veek, Moyston, Barkly, and 
Beaufort. The greater jiortion of this district is occupied by 
basalt and lavas, but west of WicklilTe there is one isolated patch 
of the older Paljcozoic rocks traverstal by cpiartz nads. A large tract 
towards the north is occiipital by U]>per or iMiddle Paheozoic rocks, 
with an exposure of granite east of Hit' Victoria range. Still 
furth(*r westward a large mass of granite risi's from llie centre of 
an area of gneiss and mica scliists ; but no gohi appears to have 
been found within tliis area. Th(‘ gold-ti(d(ls of Ararat ]iro])er are 
situated on tlie eastern slopes of the Munnt Ararat Range, which is 
a small s])ur of the Coast Range. 

Among tlu‘ many mining lo(‘ahti(*s of the Gip]>sland mining 
district ai'o Jericho, Donnellys (k-eek, Stringi'r’s ('I'C'ok, Fulton’s 
Creek, Ihnvthorn (h’eek, R(‘d Jlill Diggings, (h-ossover, Ac*., in- 
cluding the Woniioiigatia, Went worth, and other rivers w'ith their 
nunuTOiis tributaries. Shallew aJluvium containing gold occurs on 
all the tributaries of the La Troho, whose soun'cs lie in ranges 
composed of Pal.'co/oic niu<istoiie8 and sliaJes, .among which 
numerous small gn llic^s and watercourses Ijave at various times 
given em])loym<-‘iit to .e-mail parties of miners. 

Although tlie yweeise In^rizon of the aurifcTOUs Tertiaries of 
Victoria have not, in all ca.ses, been determined with exactitude, 
it is notwithstanding hedieved that those hitherto examined have 
not often been of Pni-Plioceno age. It is also a geiu'rally re(‘X‘ived 
opinion that no organisms of marine oiigin have as yet been found 
associated with any of the gold-drifts of the colony, and although it 
lias been affirmed that mariru? fossils liave Ixjon mot with in some 
of the deep leads at Creswick, tlie stiiteinent apjiears to require 
confirmation. Generally speaking, deey) leads are so covered by 
thick deposits of sand and other detrital matter that it is rarely 
possible, from surface indications only, to determine witli any dc^gree 
of certainty either their true yiositioii or their approximate extent. 
This difficulty is materially incre.ased where dejiosits of this class, 
as is frequently the case, have become covered by flow’s of 
lava. It is true that leads of this kind usually run nearly jiarallel 
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to the general direction of the existing streams, but minor devia- 
tions from such a course are nevertheless numerous. Their depth 
from the surface is often considerable, and the cost of drainage 
great. It likewise frequently happens that a lead which has been 
rich for a considerable distance suddenly widens and becomes un- 
profitable to the miner, so that the work of prospecting is both 
costly and uncertain. 

When, as at Ballarat, a lead is covered by a capping of basalt, 
its course can only be determined accurately by expensive 
underground workings, or approximately by bore-holes. In the 
deep workings at Ballarat, as well as in various other gold-fields, 
large trees are often discovered in the black clays overlying the 
wash-dirt. Excepting on tlunV outer surfaces, the texture of these 
trees is scarcely altered, and they are often so well preserved as to 
admit of being readily carved or made uy) into furniture. The 
carbonized a))pearance of tli(i outside of such trees, is pnhably 
due to chang(‘s efT(‘ct(‘d by the forces which gradually convert 
fonists into coal-seams. As a m(*ans of conveying a distinct idea 
of the nature of the ground passed through in deep sinkings, 
the following epitome of an account the workings of the 
Cr<'at North-W(‘st (company at Ballarat may not be witliout 
inter(?st.^ 

The surface soil was thin, consisting of a few inches of dark 
mould covering a stratum of saudy loam, at the b.ase of which wore 
found numerous pebbles of brown iron ore. Between this and the 
first layer of basalt was a bed of yellow sand, varying in thickness 
from a few inches to two feet. The first basalt, which in some 
places CTO])ped out at the surface, was found to be 8.3 feet 
in thickness, and between this and the second flow of the same 
rock there was 11 feet of red clay, intersected by numerous 
vertical cracks, and containing neither fragments of quartz nor 
vegetable remains. The second layer of basalt was 144 feet in 
thiekuess and was usually comyiact, but somewhat cavernous 
towards the to]). In sinking the shaft, w^ater in considerable 
quantities was first encountered at the top of this rock, and when 
the pumping machinery was stopped it rose to a height of 11 
feet above this level. Coloured clays, 28 feet in thickness, 
containing lignite and occasional fragments of quartz, were found 
beneath the second basalt ; immediately beneatli which the clay 
was nearly black, but at a somewhat greater depth it became 
brown. Below this brown clay came two feet of white clay mixed 
^ R. Rroufth Smyth, The Gold Fields and Mineral Districts of Victoria, ”p. 147. 
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with sand and fragments of (juartz, covering a seam of compact 
lignite also two feet in thickness. Tlie colour of the clay beneath 
the lignite was green. The third layer of basalt, 57 feet 
in thickness, contained numerous vesicles, and was somewhat 
columnar in structure. 

Beneath the third basalt was a layer of clay about eleven fe('t 
tlnck which at top seemed to be i-overed with ashes, and on this 
horizon were found the remains of a large tree. The trunk had 
the appearance of having been burnt off, while the up})er parts ha<l 
become carbonized, and, wdien broken, exhibited a glossy fracture 
like that of charcoal or coal. The roots, which were track'd down- 
'wards into the clay, showed no indication of the effects of tire, 
even the smallest rootl(‘ts being in a state of nunarkable pre- 
servation. This clay, excepting <(uitt‘, at the top and towards 
the bottom, was of a light gr(‘eiiish colour, and was traversed 
by nearly }>erpen(licular fissures a))j>areutly resulting from 
contraction. 

The fourth layer of basalti(* rock was struck at a dejdh of 
2S4 feet, and at the' daU^ at which the <les(‘rij>tion was written 
had h(;on sunk in lo a dej)Ui of 27 feet. ^Jlie schistose* 
b(Hl-ro(‘k, wldeh had been reached by boring, was found at a 
de])th of Jh'io feet from tie* surface, thus showing that tlui 
sliaft had still lo Ire sunk through a furth(;r thickness of 21 
ff^et of basalt and through 2.*^ feet of clay and gravel. Tin* 
water pumjr(*d from deep workings is usually brackish, and is 
sometimes even decidedly salt. 

At Creswick a largo tret* was found emhedded in black clay at 
a deirtli of f(‘ct from tht; surfact*. In these workings the 
following st'Ction was (•x]>osed, namely : — 


l*Vl. 

Basalt 100 

Sand and gravel . . . . • 19 

Stiff black clay 6 

Blatk drift with fossil tre(.* 5 


Total . . . I no 

Tire leaves and trunks t>f trees, as well as beds of lignite*, 
are of common occurrence in tlie majority of the deeper drifts of 
Australia, but tliey do not ajrpear to have been as yet studied wdth 
the amount of attention which could be desired. Some leaves 
found several years since in the gold drifts beneath the basaltic 
capping of Table Mountain in California, were submitted to 
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Dr. Newberry, who described tliem as closely resembling species 
found in the later Tertiarie.s of Europe.^ 

In the neighbourhood of Ballarat, as well as in various other 
regions in Victoria, tlie Pala‘ozoic rocks have been subjected to 
exhmsive erosion by the action of forces which have at the same 
time efrect(Mi the disintegration of the original outcrops of the 
quartz nads ; and these, having undergone a natural process of 
grinding and wasliing, have given rise to the formation of drifts 
containing a inucli larger proportion of gold than did the veins 
from wliich they were originally derived. When, therefore, 
quartz reefs are intersected by auriferous leads the wash-dirt is 
usually, for some distance below the ])oint of their intersection, 
mu<‘h ricluT than (dsowhere. 

The Duke of Oornwnll Com})anv reacluMl the gutter, as the 
(h'cqKT part of a lead is usually called, at a depth of 26*1 feet 
6 i?ich(‘s from th<^ surface, where it was from 60 to 100 feet 
in width ; the thickn(‘ss of the wash-dirt was ahout 4 feet, and 
i'rom ahout .*1,200 (‘uhic feet of stufi' 5,000 oz. of gold were 
ol)tain(‘d. 

'J’he section of their shaft is thus given : — 


Ft. In. 

P>asalti(^ ro(‘k, including surface soil . . . 35 0 

Red clay ’ 7 0 

Basaltic rock 113 6 

(lr(‘y clay 9 0 

Drift, gravel, and sand 6 0 

Basaltic rock SO 0 

Wash- dirt 4 0 

Total depth to bed-rock .... 263 6 


At Castlemaine and Bendigo, where extensive denudation has 
taken place, deposits which are the analogues of the deep 
leads of Ballarat stand out on the surface in the form of bosses. 
These have frequently been cut through by recent streams, and in 
such cai^os the drift in their beds consists partially of the debris of 
these older deposits, and in part of fragments of adjoining quartz- 
bearing strata. In fact, drifts of three or four different ages may 
sometimes be observed in the bed of the same stream. 

It would he iinpo.ssible to enumerate the re.siilts obtained by 
any large number of undertakings worked upon deep leads, but in 
order to convey some idea of their former richness in the vicinity 
* “Geological Survey of California,” p. 250. 
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oi Ballarat the following examples may be ciivd. At Gmii-Treo 
Flat a party of six men took out oz. of goKl in ton weeks, 

and at the same place «anothor party obtained gold to the value of 
£24,000 in four months. A third ]Krrty, of eight men, got £20,000 
in five months. Acwrding to J\lr. Wood, ^^llo furnislied Mr. 11. 
Brough 81113^11 with a eomprelieiisivo statement relative to the 
operations of svune of the more important mining eom]>anies 
then working at Ballarat, forty-two of them had, ]»revious to the 
}"ear 1869, yielded gold of the aggregate value of £4,:>0 j,o63, 

Mr. Brough Smyth states that h(‘ liad takcui considi'rable pains 
to collect authentic information \Nith ngard to drifts ])eiieved to 
be of JMioceiie «ag(‘, ajnl not supjjosed to contain gold in .sufiicicuil 
quantities to repay tlie miner for its ext 1 act ion. Among oth(‘r tacts 
bearing upon this subject, attention is calh'd to tlu' circumsliuic (5 
that in sinking the ])rosj)ecting shaft of the < Jolden llivc'rs ( ^>mpany, 
after passing throng]) a drift cimtaining well-round(*d (piartz 
pebbles associat'd witl) large ([uantil.ii's of iron ])yntes, tJn^ miiuTs 
struck a seam of black cla}^ (‘nclosi 7 )g fossil tio('s witl) a litth' fine 
gold, and ])cneatli this was a thick shatuu) of sandy clay with small 
fragments of fossil wood. 0 )i thc' ht'd-nx'k, (’ouiposi'd of a liard 
3 TII 0 W saridstoTK^ gold was ohtaincMl IVom ev<Ty saniph) washed; 
and further exjdoration shovod that gold w.as juvsent wherever the 
sandstone was laid ])an‘, althongh not in sufiieic'Tit (quantity to pay 
for working. The iiow of tin' ancient channel a])pears to 1 x 7 north- 
east, and the drift tlieixin do])ONit(‘d is ]>rohal)ly of Mioome, age. 

Mr. Sc'lwyn givc.s the iV)lloui?ig .soction of thcj stj'ata, near 
Golden Bivers.^ 

1. U})pcr liasalf, tw(U)t 3 "-fiv<‘ to tliirty foot. 

2 . Pliocene gravel, about fifty t(» sixt\^ fi-et. 

*h l^Iiocene gravel, kc f*' false bottom of uiiners) gravel, sand, 
clay, and boulders, with fossil leaves aud wood, about 400 feet, 

4. Silurian slates, &c. 

In a claim at Wombat Hill, Daylesford, a i)i})e or dyke of basalt 
was met with which (\aused the n)iiiers considerahlo trouble and 
expense. Believing it to form a portion of a basal tier cap];>ing of 
the ordinary character, tliey sunk a winze upon it from the floor 
of their tunnel to a deptli of J 7 <) feet witliout finding any hottmn, 
but subsequent!}" they drove fbrougli it and discovered the gutter 
on the other side, Tliis dyke (Fig. 81 j, after ]i. Brough Smyth, 
is about fifty feet in widtii, and the thickness f)f the overlying 
capping of basalt 225 feet. It would appear that the drift 

^ *‘Isote.s oil the rhysi^al Geography, Geology, and AIiJK*nilogy of Vict(»ria.” 
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and neighbouring stratified rocks were but very slightly, if at all, 
disturbed by the passage of the dyke through them, which, under 
the circumstances, is somewhat remarkable. The shaft shown 
in the section was sunk to a depth of ISO feet, and the strata 
passed through consisted of surface soil, 10 feet; basalt, 80 feet; 
and Silurian schist, 40 feet. The miners then drove 390 feet 
east, and there encountered the basaltic dyke, which courses 
in a south-easterly dii ection. They afterwards sank 170 feet, fob 
lowing the western limit of the basalt; but, finding it continuous, 
extended the original south-easterly level, and found the lead 
on the other side, which ^abruptly terminated at the edge of the 
dyke. 



In all the gold-fields of Victoria a stratum of ferruginous con- 
glomerate, composed of rounded ]»ebbles of quartz, angular 
fragments of the same rock, and small pieces of schist, is occ^a- 
sionally found overlying the bctl-rock. This it in some places 
touches, while in other places it may be situated from a few inches 
to several feet above it. At Sandhurst, Maryborough, Castlemaine, 
in some parts of the Boechworth district, and at Ararat, the cement 
has been highly auriferous; but its hardness prevents the ready 
separation of its gold by the ordinary process of sluicing and washing. 
In fact, in some places it is so hard that blasting has to be resorted 
to. At Ballarat the cement, which varies from two to eight feet in 
thickness, occurs as a dark brown mass, consisting of a mixture of 
pebbles and quartz boulders, united by a cement strongly coloured 
by hydrated ferric oxide. The hardness of auriferous cement often 
renders it necessary that it should be sent to the stamping mill. 
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where it is treated like ordinary gold quartz. At Sandhurst cement 
occurs in the shallow alluvium as well as in the deep leads, and wjis 
in some places very rich. The gold embedded in it is in the form of 
grains, scales, and small nuggets. In some places those conglome- 
rates have averaged as much as 12 oz. of gold to the ton. As might 
be anticipated, the distribution of the gold is exceetlingly irregular, 
and at one pkico in the Ararat district a parcel of 20 tons of cement 
yielded nearly 3(50 oz. Some of those conglomerates, as well as 
the ordinary auriferous drifts of Victoria, contMiii })ehhles and 
imjicrfoctly rounded grains of cassitc'ritc. 

Among the unusually largo nuggets which have at, vai'ious 
times been found in this colony, the most valuable was the Widcoine 
Stranger,” found near Dunolly, \v)ii(h weigh(‘d 2,2S0 oz. and aifordcul 
2,2(58 oz. of gold. The next largest, thii “ Wcdcome Nnggiit,” 
was found at Ballarat, at a de})th of 180 feet, in June 1858; it 
\vas much w’ater-worn, liad attaclied to it about 10 lbs. of (juartz, 
clay and oxid(* of iron, and contain(‘d 2, 1(>(5 oz. of gold. Th(‘ 
“ Blanche Barkly,” w'as found in Kingower, at a d(‘ptli of 13 feet, 
and had attaehed to it about 2 lbs. of (juartz, oxide of iron, Ac. 
This nugget yielded 1,743 oz. 13 dwt. of gold, of tin* vaiiu‘ of 
£(5,905 12.S*. IW. In 1851 a nugg(‘t was found by a native among 
a heap of (piarlz on tlui surface of th(‘ ground at Meroo (h*eok 
on the Turon river. WIkui discovered it was in thr(‘e ])iec(!S, which 
togctlua* weighed about 1 (‘wt., and consisted of 1,272 oz. of gold 

with nearly I (!wt. (»f <piartz. Numennis oUkt nuggets yielding 
each above 1,000 r^z. of gold, b(‘sides almost innuimirable smaller 
ones, have at different periods been found in Vi(4/)ria, and have 
been met with at all depths, from the surface of the ground to 
llie to]) of the <]<M^p(‘st bed-rock. 

Numerous theories have, at diffenmt tinuiS, l)(*en ])ropounded 
to account for ihv. origin of nuggets. By om‘ of them it is sugg(-,ste(l 
that they may hav(* giwn in the .sands and gravels in wliich tliey 
are found, and may even yet be gradually getting larger through 
the addition of successive layers of gold. Evidence of the prosemte 
of gold in the deep leads in a state of solution, and of its subse(]uent 
deposition in the metallic state witliiri comparatively recent times, 
is supposed to be afforded by the auriferous character of some of the 
pyrites found in the ancient drifts at Ballarat and (dsewhere, 
wdiich, although still retaining t)je form of roots and branches, 
contains gold. Mr. H. A. Thompson states that a fine specimen of 
crystallized iron pyrites, deposited on a piece of wood taken from 
the drift immediately below the basalt at Ballarat, gave by assay 
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40 oz. of gold per ton ; and in another case, in which iron pyrites 
from the centre of an old tree-trunk was assayed, the yield was at 
the rate of above 1 oz. 10 dwt of gold per ton. 

An accidental discovery made some years ago by Mr. Daintree, 
and some more recc'ut experiments by Mr. Wilkinson, are also 
supposed to be favourab](i to this hyjKithesis. IMr. Daintree’s dis- 
covery consist<id in the fact that if a speck of gold bo placed in 
a solution of the chloride of that metal, and a fragment of wood or 
coi'k be also introduced, a deposit of gold takes place, and the 
original fragment gradually increases in size. Mr. Wilkinson’s 
experinuiTits further j>rove that under similar circumstances iron 
pyrites, chalcojiyrite, niisjiickel, galena, and various other minerals 
serve as a nuchuis on which a deposit of gold may take place. 
From this it is argued tliat the organic matter, so abundant 
in the drift., may be the agent l)y which gold has been pre- 
(•i])itated from solution. Although tins vc*ry ingemions tlic^ory is 
worthy of consideration, there would n.])p('{jr U) be various points 
relativti to which furthcu’ inlbrination would l)c; desirable, and 
some) of the conclusions would seem to be contrary h) observed 
lacts. 

Large pieces of gold have been fouu<l in quartz veins, and very 
few large nuggets hav(3 luam discovc'nal which have not been 
accompanied liy a considerable amount of adhering ((uartz. That 
masses of gold of consid(‘rabl(3 weight have been more freipicntly 
ni(‘t witli in drifts than in quartz vta’ns, would 1)0 readily 
accounted for by the tact that the ibrmc'r represent a, vastly greater 
mass of original auriferous quartz than lias hitherto been removed 
by the miner directly from the reefs. In the Garibaldi lands at 
St. Arnand a mass of gold weighing 500 oz. was found in a 
(juartz vein, and with it various smaller pieces weighing in the 
aggn'gato nearly 400 oz. 

The fact that alluvial gold is generally purer than that directly 
obtained from quartz reefs, has also lieen used as an argument in 
fa.vour of their having had a different origin. It is, however, well 
known that stream tin ])roduces metal of a superior tpiality to that 
obtained directly from the mine, and in the same way gold which 
has been long exposed to ibe action of water and oxidizing in- 
fiiiences, will gradually become freed from associated impurities with 
which it was not combined. Although the purity of alluvial gold is 
generally superior to that obtained from quartz veins, this is not 
always the case, and it must be admitted that in the ordinary 
processes for treating gold quartz, ceitain impurities with w’hicli 
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the metal comes in contact may become alloyed ^vith it and 
thereby reduce its purity. 

A large proportion of the nuggets found occur in the form 
of pebbles, consisting of a mixture of quart/ and gold, presenting a 
continuous even surface. If, however, in such pebbles, the weight 
of gold had been augmented by tlio deposition of snceessive, 
concentric layers of that metal, a distinct in c'gnlarity of the surfaci^ 
might be anticipatctl, since a growth of ([uartz exactly (xpial to 
that of the gold could scarc(.dy he ox])ectt‘d to take ]>lace. 

If tlie gold of placau's had been de])osit(*d in siin, from solu- 
tions, a considerable portion of it would have been (aystfdli/(‘d 
and have formed strings and sIxhIs in the ]K)rons material 
witli wliich it is associated; crystals with cut indy unworn edges 
are, however, never found among placer gold, and strings a.nd sheets 
of that metal are equally absent. 

With regard to uniforinity of composition in diderent }>arts of 
the same nugget, Mr. Foord stat<‘s tliat })(‘ has repeabully taken 
samples of diffenuit parts of large nngg<d/S with a vieovof {iscertain- 
ing the unhorinity of thedr comj)osition or otJierw is('. Although 
Working witli very great care, ho liad nev(‘r hc'en able, to lind a 
difference in fineness grt'ater than that attributable to working 
error, say one or t\\o]»artsin 10 , 000 . Had, h(>w(‘Vf‘r, the, results of 
such experiments (litr(‘r(‘d coinphdely from those olilainod, it wonhl 
nut have materially afiected the (piostion at issue; since tla^ 
deposition of gold in vidns ])ro]>al)ly took j>lac(^ by tlic* a^ddition 
of successive layers; and it will lir^ n^adily uixlerstorxi tJiat tlu' 
purity of eacdi may not in ail cases have been (‘xa.ctly the same. 

It not unfreqnently lia])p(‘ns that tlie (jnart/ose vednstone form- 
ing part of a nugget exhibits p«‘(!uliar cliaracleristics, strikingly 
resembling those of some wdl-known (piartz reef in the ajiproxi- 
rnate vicinity of the locality in which it w'as found, and from whiidi 
it would appear to liave been originally dfudved. 

On the whole, the balance of probability is perliajis, at present, 
in favour of the theory which ascrib(5S the origin of gold nuggets 
to the action of ineclianical forces upon tlie outcrojis of veins of 
auriferous cpiartz. With regard to d(‘ep leads generally, it is 
manifest that in the majority of cas(*s they owe their pr(*servatiori 
to the protective influence of a cap])ing of volcanic rock. 

Wherever within the gold-regions of Victoria tla^ Faheozoic 
bed-rock lias been exposed, either by natural denudation by the 
removal of Tertiary drifts, or by mining beneath the basalt, it is 
found to enclose auriferous reefs. These, which vary in width from 
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the thickness of a sheet of paper to 150 feet, traverse mudstones 
and sandstones contairiiii^ various Palajozoic fossils. 

The quartz constituting some of these veins is milk-white in 
colour, nearly arn()r})}ious in structure, and breaks with a somewhat 
splintery fracture. Jn other cases the veinstone is more or less 
stained by f(Tric liydrate, resulting from the decomposition of iron 
pyrites. On the other hand, many veins consist of comby or 
banded quartz, enclosing parallel s])lintery fragments of the slaty 
country rock, aiid containing crystals of pyrites, blende, and other 
metallic sulpliides. Tlu^ quartz of the more productive^ veins 
is either granular or crystaUirie, and a thin film of gold some- 
times occurs betwetm the facies of adjac(mt crystals. Gold 
occurs not only in the veinstoiu^ of such veins, but also in tlieir 
casings or selvages, where it assumes the hnin either of irregular 
fragnituits or of more or less jierfc.i^t crystals. 

On sinking upon a.n auriferous reef a )M)int i.s rt'aelied at a. 
eeriain depth from the surfaee wh(‘rc water bt^gins to be trouble- 
some, and at wliieli it constantly maintains its level ; among miners 
this is known as the water line.” Above this horizon the cpiartz, 
wbi(di is usually granular, is often stained by ferric hydrates 
resulting from the oxidation of iron j)yntes; it will also usually 
contain cavities having a cubical form produccMl by tlio decomposi- 
tion and nunoval of crystals of })yrites. 

These hollows often contain free gold, liberated by the oxidation 
of the metallic sulphide, wliieli is fre([ueiitly asseeiated with ocdireous 
iron oxide resulting from tlu‘ same cause. C-avities ol' this class 
have, however, sometimes becouic partially obliterated by a sub- 
sequent growth of <|uartz in the form of small crystals. Below tlio 
water line the metallic sul})bides are undecomposod, and often 
enclose a large proportion oi' the gold present in tlie vein. If 
a fragment of tliis rock containing gold thus enclosc‘d in un- 
decomposed pyrites, be attacked by nitric acid, the met allic sulphide 
is dissolved and the gold becomes liberated. Above the water line 
of the district a nearly analogous change has taken })lacc, through 
the oxidation of the sulphides and the removal in solution of 
the resulting metallic sulphates. 

There are, however, certain reefs which, although almost 
entirely composed of metallic sulphides and cropping out at the 
surface, appear to have undergone but a small amount of decom- 
position, The stability of iron pyrites and of its various associated 
sulphides under circumstances in wdiicb, if occurring in ordinary 
quartz veins, they would have been almost entirely decomposed, is 



VICTOBIA. 


465 


PART ll.l 

sgmewliat difficult to explain ; it must, however, be remembered 
that in such cases the proportion of sulphides is so large that an 
amount of decomposition equal to that which takes place in an 
ordinary quartz vein would scarcely be observable. 

The quartz reefs of Victoria sometimes run ]>arallel to the 
planes of bedding of the country rock, and tluni belong to the 
cla.ss of segregated v(dns, whih‘ at otlau’s their course is direct'd 
across them, tlms becoming true lodes. In some instances the 
same vein may, during certain portions of its course, follow lh(5 
direction and dip of tlie enclosing strata, while at others it may 
cross the bedding nearly at right angles. 

An example of a vein t>f this kind, of whi(*h Fig. S2 r(‘pre- 
scuits a horizontal section, oceurred at Whroo. This vedn follow(‘d 
the jdanesof bedding for short distances, and afterwards re]>eatedly 
struck across them at a considerable angh*. iloth in this vein 


Vein 



and in a somewhat similar one in the (kdedonia Diggings, the 
portions marked e, wliicli (Toss the. strata W(jre not only wider, but 
also more jTod active tlian those ma,rke(l A parallel to the Ixalding, 

In connection with auriferous leads tlic presenee of gold in slate 
is by no means an uncommon oceurnmee. A remarkable deposit 
of auriferous slate was met with a, few years sinc(j at ('lunes, where, 
for a short distance, the vein fissure had not become tilled with 
<|uartz. The space! between the two walls was however occujaiid by 
rich auriferous slate, the surfaces of whicli were covered by a 
thin film of gold. In many cases, true veins crossing the planes 
of the enclosing country rock throw off, j>arallel to the stratifi- 
cation, branches which are sometimes rich in gold. 

Remarkable formations of gold-bearing quartz, occurring in the 
form of nearly horizontal deposits, are worked in some localities 
in Victoria. At tli(! Morning Star, Wood’s Point, a dyke of “decom- 
posed granite” underlies to the west, and is traversed by a series 
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of more or less horizontal quartz veins situated one below t^e 
other, and having no connection. Portions of the dyke are fre- 
quently found enclosed within these veins in the form of horses. 

Another remarkable example of the occurrence of quartz in 
horizontal flats is seen at the Waverley Mine in the same neigh- 
bourhood, of which Fig. 83 represents a transverse section. The 
quartz is here enclosed in a nearly vertical dyke of partially decom- 
posed “ greenstone,’' which runs with the strike of the slate for a dis- 
tance of a mile and a half. It has two well-defined and nearly parallel 
slate walls, about three feet six inches apart; and the rock constituting 



Fio. 83.— Dyke, Wavciioy ; transverse section. 

the dyke, besides being much decomposed, is traversed horizontally 
by bands of quartz varying in thickness from one inch to two feet. 
Some of these bands have yielded quartz equal in richness to any 
ever found in the district, and the general average of the whole 
has been a good one. A feature peculiar to all reefs of this descrip- 
tion is that, at depths varying from 70 to 200 feet, an undecom- 
posed crystalline rock is met with, which is so hard as to prevent 
all further sinking. Gold is found in small quartz veins which run 
through this undecomposed rock in the same way as they occur 
in the decomposed portions at shallower depths. The mullock, or 
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decomposed greenstone, of the Waverley dyke is said to yield small 
rubies, and is itself to some extent auriferous. The gold from this 
locality is described as being more than usually pure. 

Instead of occurring in dykes of eruptive rock, somewhat 
similar bands of auriferous quartz have been known to traverse, 
in almost the same manner, certain bands of slate tilted at a 
high angle. An example of this class of formation occurs in the 
Bendigo gold-field, where a seam of graphitic clay, standing at 
a high angle, follows the direction of the usual bedding of the 
slate, while, at a distance varying from thirty to forty feet west 
of it, there is a band of hard sandstone closely resembling quart- 
zite. The space between this band of clay and the sandstone 
is occupied by a dark slate, similarly bedded, across which lie 
numerous nearly horizontal beds or floors of quartz. These fre- 
quently penetrate for a short distance into the sandstone, but none 
of them pass into the clay forming the eastern wall. Together, 
those seams form a band nearly 200 feet in depth, which in some 
places crops out on the surface, and dips gradually towards the 
north. Some of the quartz veins forming the upi^er members of 
this band were exceedingly rich, those near the surface affording 
above 20 oz. of gold per ton ; the yield, however, gradually 
decreased in depth, while, at the lowest point reached, the slate had 
become changed into a hard compact rock, and the quartz was 
comparatively unproductive. 

Mr. Thompson describes reefs of auriferous quartz which he 
calls “ pipe veins '' ; the Achilles Reef at Taradale being cited as a 
vein belonging to this class. This reef, which at its outcrop is 
from 20 to 25 feet wide, is 45 feed, in length, and has been traced 
for a considerable distance from the surface without having under- 
gone any material variation in size. This “ pipe,” which is described 
as being in connection with a thin, nearly vertical band of quartz 
sometimes carrying gold, underlies rapidly towards the south, 
and, although the rock beneath it was sunk through for a con- 
siderable distance, no other formation of a similar character was 
met with. At the surface this vein was exceedingly rich through- 
out its whole width, hut as the mine became deeper tim gold 
gradually fell off in quantity, until at length only a few feet on 
each side were worked, the quartz in the middle being too poor 
to pay the cost of extraction. The richest quaitz was obtained 
from the foot wall of the dei:)osit. To the east of the vein is 
a hard crystalline slate, while to the west of it the rock is much 
softer, and there is no indication of the presence of any other 
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“pipe*' of quartz either to the north or south of its outcrop. 
The string of quartz which occurs in connection with this “ pipe *’*is 
described as being little more than a joint, with branches of quartz 
falling into it at intervals, and following the direction and dip of 
tho strata. 

The veins of the Victorian gold-fields are represented as fre- 
quently exhibiting a tendency to dip in the direction of their 
bearing, and instances of this peculiarity are stated to occur in 
every gold-field of the colony. One of the most marked cases of 
this mode of occurrence is that of the Mariner’s Reef at Mary- 
borough, which crops out at the surface in a low range, and, within 
1,000 feet of horizontal distance, dips some OoO feet vertically. 
It is not improbable that further explorations may lead to the 


CrostEfef TIntRetf 



I’Ki. 81 — Cross and Flat Rftcrp, Pleasant Creek. 


conclusion that some of these so-called “ pipe veins ” are merely 
sudden local enlargements of ordinary quartz veins, which, like 
courses of ore in all mining districts, have a tendency to dip in 
the direction of the course of the vein. Others may be found to 
be portions of quartz reefs displaced by two nearly parallel faults ; 
and of which the dip has been mistaken for the strike. Some of the 
reefs at Pleasant Creek, in the Ararat district, present very unusual 
features. Many of these have been remarkable, not only for their 
good average yield of gold, but also for their horizontal bed-like 
mode of occurrence, their extraordinary faults, their peculiar con- 
tortions, and their detached and broken masses. Fig. 84 represents 
a transverse section of portions of the Cross Reef and Flat Reef, 
which are worked in that locality. The veinstone of the Cross 
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Reef is said to be generally laminated, with a casing upon the 
hanging wall varying from 6 to 8 inches in tliickness. Those 
portions of the vein in which the quartz does not occur in tlie form 
of successive lamina) usually contain but little gold. Mispickel and 
iron pyrites are abundant in some parts of the reef, and freiiuently 
occur in the form of crystalline masses accompanied by gckj. 
This was especially the case at the junction of the two reefs, 
where the richest specimens of auriferous quartz wore obtaijied, 
at a depth somewhat above the original water level of the district. 
The Flat Reef is composed of compact white quartz, without 
any sort of casing, through which the gold, whicii is usually 
coarse, is very unequally distributed. It would appear, however, 
to be chiefly confined to certain imperfectly defined bands passing 
through the reef in a northerly direction. In some of tliose 
auriferous zones the quartz averaged 7 oz. of gold per ton, but 
outside of them the yield was usually not more than 8 or 4 dwt. 
per ton. Both the Cross and Flat Reefs varied considerably in 
thickness ; the former from 8 inches to 24 feet, and the latter 
from 2 to 8 feet. 

A section of the Flat Reef, given by Mr. R. Brough Smytli, shows 
it to extend for a considerable distance, and to connect the Cross 
Reef with tlie Mariner’s Reef; no. scale is, however, given, and as 
the description is somewhat general in its character it becomes 
difficult to clearly understand the exact mode of occurrence of 
these reefs. Such deposits may probably, in some resjjects, resemble 
the metalliferous flats which in many mining districts are associated 
with mineral veins, or, as has been suggested, their position may 
sometimes be due to a folding of the strata subsequently to their 
formation. 

The early miners, both in Australia and in California, were 
generally impressed witli the idea that the outcrops of the quartz 
reefs were more productive than their deeper portions, and this 
opinion was, to some extent, strengthened by a theory to the 
same effect promulgated by Sir R. Murchison. Consequently, 
as soon as the quartz extracted ceased to afford remunerative 
returns, the miners not unfrequently suspended their opera- 
tions without extending them to any considerable depth. The 
experience of the gold-fields of Australia, like those of Cali- 
fornia and other gold-producing countries, however, shows that 
there is apparently no fear that the reefs will cease to be 
productive at any depth to which the miners are likely to follow 
them. 
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It is, however, by no means remarkable that the opinion should 
have got abroad tliat quartz veins usually become impoverished in 
depth. Metalliferous veins are exceedingly variable in their yield at 
different depths, and it will, therefore, be readily understood that 
those were first operated on which, at the surface, showed evidence of 
being more or less auriferous. Such veins, after having been followed 
to a certain depth, may, therefore, be naturally expected to begin 
to exhibit signs of poverty, and, although sinking deeper might 
lead to fresh discoveries, the miners in a country in which 
capital is scarce and wages high, will finally transfer their 
operations to other outcrops showing a remunerative amount 
of free gold. 

Another cause of the misconception with regard to the 
poverty of auriferous veins in depth, arises from the fact that, in 
many cases, the gold is chiefly confined to shoots of auriferous 
quartz. These, like courses of lead or copper ores, dip in the 
direction of the course of the vein, while in other portions of the 
lode the veinstone is comparatively destitute of gold. Where, 
therefore, one of fliese inclined longitudinal courses of auriferous 
quartz had been worked through and the shaft sunk to a greater 
dej)th, the yield naturally fell off, and the mine was often 
abandoned. Sometimes, however, in consequence of the success 
of adjoining mines, or from some other cause, the workings were 
subsequently continued in depth, and another shoot of rich quartz 
was found. In this way a knowledge of the mode of occurrence of 
such deposits has been gradually acquired, and at the present time 
this tendency of auriferous quartz to form diagonal shoots has 
become fully recognised both in Australia and California, where 
some of the deepest mines produce, from their lowest levels, 
quartz as rich in gold as any obtained nearer the surface. The 
principal quartz veins of Victoria occur in rocks of Lower Silurian 
age, but are not exclusively confined to that formation. They were 
generally formed previous to the deposit of the Mesozoic strata, 
which rest unconformably upon the upturned edges of Palieozoic 
rocks, which are everywhere penetrated by veins which do not 
extend upwards into Mesozoic strata. There can also be little 
doubt that, in at least the majority of cases, the gold was deposited 
contemporaneously with the quartz, of which the veins chiefly 
consist. The granites of the colony sometimes contain gold in the 
vicinity of their junction with the older sedimentary rocks. The 
direction and dip of the quartz reefs of Victoria are so extremely 
variable as to admit of no general description. 
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•Some specimens of quartz taken from a vein near Maryborough 
exhibited features of considerable interest, as they appear to 
indicate that at least some of the quartz veins of this colony were 
formed slowly and at low temperatures. Thin fragments of the 
enclosing slaty rock were found adhering to, and enclosed in, the 
quartz of this vein, which everywhere presented an exact cast of all 
the irregularities of the adjacent schist. This schist contained 
numerous cubical crystals of iron pyrites, and wherever a portion of 
one of these crystals was partially exposed, either on the surface of 
the enclosed fragments or on that of the country rock, a perfect cast 
of it was found in the adjoining quartz. 

In a paper read before the Geological Society of London in April 
1872,^ Mr. Richard Daintree drew attention to the fact that the 
auriferous Devonian districts of Queensland are entirely confined 
to such as are penetrated by certain eruptive rocks; princi- 
pally pyritous diorites. In these diorites, and near the point of 
their intersection with the Devonian strata, veins of quartz, calc- 
spar, and iron pyrites, had been examined and found rich in gold, 
while the extensions of such veins at any considerable distance from 
the intrusive rocks were found to be barren. Instances were also 
adduced to show that the pyrites sporadically distributed througli 
the diorites was occasionally distinctly auriferous, and had, by its 
decomposition and disintegration, produced drifts containing gold 
in paying quantities. 

In a subsequent communication,^ Mr. Daintree states that since 
the date of his first paper he had learned from Mr. C. Wilkinson, 
the Government Geologist of New South Wales, that the same facts 
hold good for the New South Wales gold-fields lying in Upper 
Silurian or Devonian areas ; and Mr. G. H. F. Ulrich, tlie Curator 
of the Technological Museum in Melbourne, in his catalogue of the 
rocks in that institution, gives details which go to show that the 
Upper Silurian rocks of Victoria owe their auriferous character 
to the same cause. 

He describes the diorites of Victoria as occurring mostly as 
dykes, varying in thickness from a few feet to several hundred, 
traversing Upper Silurian strata and presenting nearly all the 
ordinary varieties of structure and composition of that rock. They 
are nearly always impregnated with auriferous pyrites, and are either 

^ ** I^otes on the Geology of the Colony of Queensland,” Quart. Jour. Gcol. Soc., 
vol. xxviii. 1872, p. 271. ^ ^ r 7 

® “ Note on Certain Modes of Occurrence of Gold in Australia, Quart. Jour. (xCoL 
Soc., vol. xxxiv. 1878, p. 431, 
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traversed by or associated with quartz veins. According to Mr. 
Ulrich, by far the greater proportion of the quartz gold furnished 
by the gold-fields occupied by Upper Silurian rocks, is derived from 
dykes of diorifce. In support of these statements he mentions 
several important workings in connection with dykes of this kind, 
and especially notices that of Cohen^s Reef, which is perhaps the 
richest in the colony, and the dyke of the Albion Mining Company 
at Crossover Creek, in North Gippsland, which is interesting on 
account of its highly micaceous character and its influence on the 
gold-bearifig character of the associated quartz reefs. These, which 
traverse it nearly at right angles to its strike, are poor in the Upper 
Silurian rocks on each side, but become richly auriferoii.s through- 
out the width of the dyke itself, of which the tliickncss is about 
ninety feet. 

The question as to when the auriftooiis pyrit(,*s was deposited in 
these diorites is of much interest and one that it will be somewhat 
difficult to solve. It is, how^ever, probable that in the majority of 
cases the pyrites w’as contemporaneous with the consolidation of the 
rock in which it occurs, although it is also possible that it inny have 
occasionally o%ved its origin to the subsi*(jueiit passage thronglj the 
rock of metalliferous solutions. A large luimber of sectioiu? 
of pyritoiis diorites, felsites, and granitc^s, were examined under 
the microscope by Mr. Daintree, wlio, in a few iiistances only, 
found portions of the enclosing rock embedded in crystals of 
pyrites. 

Below the water level, which usually very nearly coincides with 
the zone of decomposition, veins of a class which on tlic whole lias 
proved very misleading to the miner, although often rich in gold, 
usually disappear. These follow the lines of jointing of the rock, 
and are probably due to the decomposition of auriferous pyrites in 
the eruptive rock and the re-deposition, from solution, of a portion of 
its material in local fissures. It is probable that to this mode of 
formation are to be attributed the horizontal veins described as 
occurring at Waverley and elsewhere. Besides the veins above 
referred to, there are, associated with the intrusive auriferous 
rocks, others which Mr. Daintree considers as being of far greater 
practical importance from being generally of greater width and 
more likely to be persistent in depth. These he regards as 
the result of hydrothermal agencies which preceded and accom- 
'])anied the protrusion, and which in some cases continued long 
after the intrusive rock had cooled down. 
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• The production of gold in Victoria from its discovery in 1850 
to 1882 has been as follows ; — 


Table showing Weight and Value op Gold produced in Victoria 
FROM 1851 TO 1882 INCLUSIVE.^ 


Year. 

Alluvial. 

Quartz. 

Together. 

’ 

Value at 

80s. per oz. 

1 OKI j Three 
IMonths 

1852 

1853 

18.04 

1855 

1856 

1857 

1858 

1859 

186) 

1861 

1862 

1863 

1864 

1865 

1866 

1867 i 

oz. 

oz. 

oz. 

145,146 
j 2,218,782 
, 2,676,845 

2,150,730 

1 2,751,535 

2,98.5,991 
! 2,762,460 

2,528.478 
i 2,280,9.50 

1 2,156,660 

: 1,967,420 

; 1,658,207 

1 1,626,872 

1,544,694 
1,543,801 
1,479,194 
1,433,687 

680,584 
8,875,128 
10,705,380 
8,602,920 
11,006,140 
11,943,964 . 

11,049,840 
10,113,912 
9,123,800 
8,626,040 
7,869,080 
0,632,828 
6,507,488 
6,178,776 
6,175,204 
5,9I(;,77(; 
5,734,748 

1868 

1,087,502 ' 

597,416 

1,684,918 

6,739,672 

1869 ! 

934,082 

610,674 

1,544,756 

6,179,024 

1870 

718,729 

585,575 

1,304,304 

5,217,216 

1871 : 

098,190 

670,7.52 

1,368,942 

5,475,768 

1872 1 

6 3 9, .5.51 

691,826 

1,331,377 

.5,325,508 

1873 ! 

504,250 

666,147 

1,170,397 

4,681,588 

1874 ' 

433,283 

664,360 

1,097,643 

4,390,572 

1875 

420,611 

641,806 

1,068,417 
903,760 j 

4,273,608 

1876 

357,901 

60.5,859 

3,855,040 

1877 , 

289,754 

519,899 

809,653 

3,238,612 

1878 i 

264.453 

493,587 

758,040 

3,032,160 

1S79 ' 

203,310 

465,637 

758,947 

3,035,788 1 

18^0 

299,926 

529,195 

829,121 

3,316,484 ’ 

ISSl 

— 

— 

858,850 

3,435,400 

1882 

3.52,078 

512,532 

864,610 

3,458,440 

j Totals . . 

— 

— 

50,32 1,«')87 

201,298,7 !<S 


According to the mineral statistics of Victoria for the year 
1880, the approximate area of auriferous ground over which 
mining operations had extended up to the end of that year 
was l,235i square miles, and the number of distinct reefs proved 
to be auriferous 3,630. The deepest shaft in the colony, at 

^ The figures given previous to 1868 are the amounts and values of the gold ex- 
ported only, and are consequently under the truth. Those for 1868, and for 
subsequent years, represent the actual production as calculated by the Mining Surveyors 
and Registrars, 
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Stawell, was 2,410 feet deep; at Sandhurst tliere was a shaft 
1,476 feet deep, at Maiden one of 1,220 feet from the surface, and 
at Clunes two shafts were respectively 1,193 and 1,105 feet deep. 
The average fineness of the gold of Victoria is nearly 942. 

During the year 1880, 31,456 tons of quartz obtained from the 
Ballarat mining district, at depths varying from 200 to 1,105 feet 
from the surface, yielded from 6 dwt. 1 gr. to 14 dwt. 11 gr. of 
gold per ton ; 2,770 tons of quartz, taken from depths varying from 
200 to- 600 feet, from the Beechworth district, yielded from 8 dwt. 
to 4 oz. 16 dwt. 7 gr. of gold per ton; 17,216 tons of quartz 
obtained at Sandhurst, at depths varying from 400 to 1,267 feet, 
yielde<l from 13 dwt. 11 gr. to 2 oz. 9 dwt. 22 gr. of gold per 
ton ; 15,112 tons of (piartz from the Maryborough district, obtained 
at depths varying from 305 to 680 feet, yielded from 12 dwt. 
6 gr. to 6 oz. 13 dwt. 3 gr. of gold per ton. In the Castlemaine 
mining district, 6,202 tons of quartz obtained at depths varying 
from 200 to 500 feet, yielded from 18 dwt. to 3 oz. 17 dwt. 3 gr. 
of gold j^er ton ; 6,281 tons of quartz obtained at Stawell, at depths 
varying from 612 to 1,200 feet, yielded from 1 oz. 6 dwt. to 4 oz. 
12 dwt. 16 gr. of gold per ton. At Stringer’s Creek, in the 
Gippsland mining district, 19,621 tons of quartz, obtained at depths 
varying from 343 to 723 feet below adit, yielded from 1 oz. 4 dwt. 
22 gr. to 1 oz. 6 dwt. 22 gr. of gold per ton. 

Silver. — Argentiferous galena and embolite are found at St. 
Arnaud, associated with iron pyrites, mispickel,chalcopyrite, mala- 
chite, native copper, native silver, gold, cerussite, anglesite, 
mimetesite, blende, native sulphur, brown iron ore, and oxide 
of manganese. Some of the stibnite of Victoria has been found to 
contain silver in the proportion of 80 oz. per ton. Embolite 
is found at St. Arnaud in cavities in drusy quartz above the water 
level, and is probably a secondary product resulting from the de- 
composition of argentiferous galena. Silver ores likewise occur at 
Ararat, Pleasant Creek, Morses Creek, Sandhurst, Heathcote, 
Reedy Creek, and elsewhere. 

During the year 1880 no silver ores were raised, but 169 oz. 
15 dwt. of that metal ^vere parted from gold in the St. Arnaud 
district, and 23,078 oz. 15 dwt. were parted from gold melted at 
the Melbourne mint. The total yield for the year was, therefore, 
23,248 oz. 10 dwt. 

Lead. — Galena occurs in many of the reefs at Sandhurst ; near 
Blue Mountain, with malachite and yellow copper ore ; in Gipps- 
land ; in Campbell’s Reef at Moyston ; at St. Arnaud ; and in 



VICTORTA. 


PAKT If.] 

vfvrious other localities. Although it is of common occurrence, 
this mineral has not been anywhere obtained in large quantities. 
Below the water level of St. Arnaud it is, however, sometimes 
met with in the form of strings and patches. It is always 
argentiferous, and at St. Arnaud contains above 100 oz. of silver 
per ton. No lead ore was raised in Victoria during the year 1880. 

CoPPKR. — Native copper is found in some of the St. Arnaud 
veins, and the green and blue carbonates of that metal occur, above 
water level, in many of the reefs throughout the colony. Copper 
pyrites is found in diorite on the Thompson River, about five miles 
south of the junction of that stream with Stringer’s Occk. The vein 
is said to be sometimes as much as 35 feet in wblth. Mining opera- 
tions were in progress in this place as early as 1868, and smelting 
furnaces had been erected on the opposite bank of the river. 
According to official returns, 3,030 tons 10 cwts. of copper ore 
were raised in the colony during the year 1880, and 3,938 tons 
were smelted; 262 tons of copper and 17 tons 11 cwts. of regulus 
were exported. 

Tin. — The alluvial tin ore obtained during the year 1880 
amounted to 103 tons 10 cwts. Stream tin is found in the 
Beechworth district, in the tributaries of the Lerderderg, at 
Gympie near Steiglitz, in the tributaries of the River Yarra, in 
the basin of the River Thompson, and in many of the feeders of 
the Latrobe River, &c. During the year 1882, 1,077 tons of tin ore 
were produced. 

Antimony. — Stibnite, with valentinite and other oxidized ores 
of antimony, occurs in various places in the colony. At Whroo 
very remarkable concretions are found in the veins. They assume 
the form of concentric layers of differently coloured oxides sur- 
rounding a central nucleus of sulphide of antimony. All through 
the oxidized portions gold is disseminated in the form of ragged 
grains varying in size from a mere speck to pieces as large as a pea. 
A vein containing sulphide of antimony was discovered some 
years ago at Munster Gully, Dunolly ; and at Donovan’s Creek, on 
the Upper Yarra, a lode, varying from one foot six inches to 
two feet in width, consists almost entirely of bright and nearly pure 
stibnite. At Sunbuiy there is a vein consisting chiefly of quartz and 
sulphide of antimony ; this has an irregular course chiefly along 
the strike of the Silurian strata, but in some places crossing 
them obliquely. In addition to antimony, this lode, which 
varies in thickness from 3 to 18 inches, contains about 2 oz. 
of gold per ton. Another vein of auriferous antimonial ore is 
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said to occur only seventeen miles from Melbourne. The 
antimony mines of Gosterfield were discovered many years ago, 
and have been since wrought with, varying success. During the 
year 1880 there were raised 333 tons 17 cwts. of antimony ore, 
of which 272 tons 17 cwts. were smelted in the colony, and from 
which 178 tons 10 cwts. of regulus were obtained ; 85 tons of 
antimony ore and 323 tons of regulus were exported. During 
the year 1882, 375 tons of antimony ore were raised. 

New South Wales. 

In addition to its pastoral and agricultural resources. New 
South Wales is rich in minerals, yielding, besides coal and oil, 
shales of exceptionally good quality, gold, silver, copper, tin, and 
other metals. This is the oldest of the Australian settlements, 
having been first colonized in the year 1788. Among its principal 
mining districts are Bathurst, Tambaroora and Turon, Mudgee, 
Lachlan, Southern Tumut and Adelong, Peel and Uralla, Hunter 
and Macleary, and New England and Clarence. 

Gold. — Gold occurs in New South Wales, under conditions 
almost precisely identical with those characterising the auriferous 
deposits of the adjoining colony of Victoria. It is found in recent 
alluvium, in leads of Tertiary age, and in quartz veins ; in addition 
to these dep sits, the lowest beds of the Coal-measures, which, 
north of Gulgong, cover a large area of country, are sometimes 
remuneratively auriferous. The existence of these ancient con- 
glomerates containing gold, appears to indicate that at least some 
of the auriferous quartz reefs of Australia were formed prior to the 
Carboniferous period. The Rev. W. B. Clarke speaks of a lum]) 
of gold having been found in a mass of coal, and states that much 
of the gold in New South Wales has been derived from iron pyrites, 
diffused through granite and various beds of sedimentary origin, 
consisting of siliceous materials cemented by oxide of iron resulting 
from the decomposition of pyrites. Daintree, Hacket, Wilkinson, 
and others have shown that a large portion of the gold in Victoria 
and Queensland is due to the agency of intrusive dykes of felstone, 
elvan, and diorite, so that reefs of quartz in Silurian rocks arc not, 
as was at one time supposed, the exclusive source of Australian 
gold.^ Many of the deep leads are here, as elsewhere, covered by 
flows of basalt, and sometimes enclose, not only vegetable remains, 
but also fossil insects. At Montreal, on tlie south-eastern side of 
^ “ Mines and Mineral Statistic.s of New South Wales,” p. 153, Sydney, 1875. 
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Bromedary Mountain, a discovery of gold has been made imme- 
diately ujjon the sea coast. This field contains rich deposits of 
water-worn gold, which has evidently been reduced to its present 
condition by the action of the sea, by which it has been arranged 
in two distinct terraces, of which the lowest is somewhat above the 
present high-water mark. 

The quartz reefs of New South Wales, like those of Victoria, 
often run parallel to the bedding of the enclosing rocks, but they 
nevertheless sometimes cross it at considerable angles. Occasionally 
tin oxide is found in the same veinstone. Some of the quartz 
reefs of New South Wales have, for limited distances, been 
exceedingly rich. Masses of auriferous material which were nearly 
all gold, weighing about 100 lbs. each, were blasted in 1872 at a 
considerable depth from a vein at Hill End. One claim yielded 
30,000 oz. of gold from 436 tons of quartz, and another produced 
1,567 oz. of gold from 22 tons.^ Such yields are, however, quite 
exceptional, as the average produce of the quartz treated in 1880 
amounted to only 15 dwt. 17*54 gr. of gold per ton. At the closo 
of the year 1880 the depth of the deepest shaft in the colony 
was 840 feet. The auriferous area is approximately estimated 
at 7,000 square miles. 

The following table, collected from official sources, shows the 
annual production of gold in New South Wales from the date of 
its discovery in 1851 to the end of 1882. 


Tablk showing Weight and Value gf Cold produced in New South 
Wales from 1853 to 1882 inclusive. 


Year. 

Qiitiiitity. 

Value. j 

Y ear. 

Quantity. 

Value, j 

1851 

oz, 

141,120 

£ 

468,336 

1867 

oz. 

271,886 

£ 

1,053,578 

1852 

818,701 

2,660,046 

1868 

255,662 

994,655 

1853 

518,052 

1,781,172 

: 1869 

251,492 

974,148 

1854 

237,010 

773,2t»9 

; 1870 

240,858 

931,016 

1855 

171,367 

6r*4,59 1 

; 1871 

323,609 

1,250,484 

1856 

18-1, BOO 

689,174 

1872 

425,129 

1,643,581 

1857 

175,040 

6 7 4, 4 7 7 

1873 

361,784 

1,395,175 

1858 

286,798 

1,104,174 

1874 

270,823 

1,040,329 

1859 

! 329,363 

1,259,127 

1875 

230,883 

877,694 

1860 

1 381,053 

1,465,372 

' 1876 , 

167,412 

613,190 

1861 

j 465,685 

1,806,171 1 

' 1877 

124,111 

471,418 

1862 

1 610,622 

2,467,780 i 

1878 

119,665 

430,033 

1863 

1 466,111 

1,796,170 : 

, 1879 

109,650 

407,219 

1864 

1 340,267 

1,304,926 ! 

! isso 

118,600 

441,543 

1865 

1 320,316 

1,231,243 i 

1 1881 

149,627 

566,513 

1866 1 

290,014 

1,116,403 1 

- 1882 

140,469 

j 526,512 j 



rolals . . . . 


j 0,365,638 

1 34,870,302 ! 


^ T. IlieharJs, “ New SoutU Wales in 1881,” p. 63. 
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Like the other Australian colonies New South Wales some- 
times sufiers from prolonged droughts, and the supply of water 
available for mining purposes materially affects the amount of gold 
obtained during each year. The average fineness of the gold of 
New South Wales may be taken at about 876. 

Silver. — Comparatively little attention has been directed 
to silver mining in this part of Australia, and the returns of that 
metal are by no means as complete as could be desired, since there is 
no record either of the amount or value of silver produced between 
the years 1805 and 1869. Discoveries of silver ores have, however, 
been made within the last few years at Boorook, and there now 
appears to be some probability that at a future period New 
South Wales may become a silver-producing country upon an 
extensive scale. 

The Boorook silver mines are situated in a hilly country 
twenty-six miles north-east of Tenterfield, and are worked upon 
lodes chiefly enclosed in sedimentary rocks, some of which are 
highly metamorphosed. The main range of granite is distant from 
two to three miles from the mines, and porjdiyries and crystalline 
schists occur in their immediate neighbourhood. The fossils enclosed 
in some of the stratified rocks indicate that they arc of Upper 
Devonian ago. The veins are numerous and traverse a consider- 
able extent of country, but u]) to the present time they luave only 
been explored by comparatively shallow workings. Their general 
strike is east of north and west of south, while their dip is usually 
towards the south. Samples of the ore have yielded by assay as 
much as 522 oz. of silver per ton. The appliances available for the 
reduction and treatment of the ores arc represented as being inade- 
quate to the requirements of the district, and the devclo 2 )ment of 
the mines has been much retarded in (consequence. 

Argentite apj)cars to be one of the j)rincipal sources of silver, but 
pyrargyrite and horn silver are likewise present, the associated mine- 
rals being iron 2 >yrites, chalcopyrite, galena, blende, and oxide of 
iron. The veinstone is principally quartz, and always contains 
a certain amount of gold ; the proportion found in the samples 
assayed varying from 5 gr. to 18 oz. per ton. No constant relation 
appears to exist between the relative amounts of gold and silver 
present in diSerent samples. According to Mr. Davey, at depths 
of less than eighty feet from the surface the silver occurs chiefly 
in the form of chloride, and is therefore readily obtained by amal- 
gamation ; while below that point the ores require a preliminary 
roasting with salt. Mr. Davey remarks that argentiferous iron pyrites 
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carrying gold would have been most efficiently treated by smelting 
with lead ores, bad the necess^iry plant and fuel been available. 

The most important silver mine of the district is the Golden 
Age, which is worked in a buff-coloured clay slate situated about 
two miles from the granite. The lode courses about 22° E. of N., 
has a dip towards tlie west, and to a depth of about eighty feet 
averages about twelve inches in width. From the surface down to 
this level the most abundant ore was chloride of silver, with some 
argentiferous pyrites. The whole of the lode to this depth has 
been stoped away, and all tlu^ chlorides have been exhausted. About 
52,000 oz. of silver and 250 oz. of gold were obtained from tliis 
portion of the lode. There were in 1(S81 at this mine three shafts, 
the deepest of which reached 130 feet below the surface. For the 
last fifty feet the average width of the lode was from eighteen to 
twenty inches, with a band on cither side of rich argentiferous 
pyrites. This pyrites contains silver in the proportion of from 70 
to 150 oz. per ton; but at the bottom of the mine the centre of 
the lode consists mainly of a slaty breccia, which is by no means 
rich. A mixture of iron pyrites wdth blende is often rich in the 
precious metals ; specimens of this kind sometimes yielding as 
much as 800 oz. of silver and 5 oz. of gold pc'T ton of stuff. 

The light-coloured clay slate referred to as forming a portion of 
the country rock of the Golden Age Mine, does not aj)poar to extend 
beyond the limits of that property. About fifty yards south of the 
deepest shaft, situated nearly in the centre of the mine, the lode is 
intersected and displaced by a flucau containing a few lenticular 
masses of quartz, which, near the surface, were extremely ricli for 
silver. The country rock west of this cross-course differs materially 
from that of the Golden Age Mine, consisting as it docs of a blue 
fossiliferous slate, whereas on the eastern side no fossils have as yet 
been found. Below tlie depth of eighty feet the rock becomes a 
blue slate which is compact, and is not known to contain fossils. 
The lode gradually became richer as it approached the cross- 
course, and was very pr<iductive in its immediate vicinity. 
During the year 1880, rather more than 30,000 oz. of silver 
were returned from the Golden Age Mine, and nearly 2,000 more 
from the Addison Lode, Simmons and Donaldson's claim. Mining 
in the vicinity of Boorook is, however, regarded as in its infancy. 

In addition to the silver obtained from silver and lead ores, 
native gold is invariably alloyed with that metal, and consequently 
a very considerable quantity of silver has accompanied the Austra- 
lian gold through various commercial channels. Although in the 
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the amount will be somewhat large, the value of this 
silver is relatively so small that it is not taken into consideration 
in the estimates of gold produced. The following is the official 
return of the silver produced in the colony of New South Wales 
from 1862 to 1882. 


Table showing 'Weight anp Value of Silver Ores and Silver produced 
IN New South Wales prior to 186D. 


Year. 

Quantity. 

Value. 



£ 

1862 

266 tons ore. 

5,320 

1863 

28 „ 

1,080 

1864 

13 

130 

1865 

736 oz. silver. 

184 

1866 

Nil. 


1867 



1868 

1 

»» 

1 

Tolfil prior to 1869 j 

6,714 


Table show/ng Weight and Value of Silver produced in Ne 
South Wales from 1869 to JS82 ini’LUsivk. 


Year. 

Quantity. 

Value. 

Y.ar. 

(Quantity. 

Value. 


07. . 

£ 


o/.. 

£ 

t/roendof 1808 

— 

0,7U 

1876 ' 

09,179 

1.5,456 

1 1809 

753 

199 1 

1877 

31,409 

6,073 

1 1870 

13,808 

3.801 

1878 

60,503 

13,291 

i 1871 

71,311 

18 (581 ; 

1879 

83,164 

18,071 

1872 

1 49,544 

12,603 ' 

1880 

91,419 

21,878 

1873 

1 66,998 

16,278 ! 

1881 

57,254 

13,026 

1 1874 

, 78,027 

18,880 ; 

1882 

38,618 

9,024 

1 1875 

j 

' 52,553 

12.794 j 




! 

1 

Totals . . . 



i 764,000 

187,429 


Copper. — Copper ores have for many years formed one of the 
productions of New South Wales, but for some time copper mining 
was conducted upon a very limited scale. During the earlier 
periods of mining activity, the cost of transporting bulky ores 
from the interior of the colony to the sea coast for shipment 
placed the copper miner at considerable disadvantage as compared 
with the gold digger. Washing for gold was, therefore, generally 
preferred to mining for an ore the value of which could only be 
realised after a large expenditure of time and money. In order to 
obviate, as far as possible, this difficulty, copper miners, at a com- 
paratively early date, commenced the erection of furnaces for the 
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production of regiilus, and the process was subsequently extended 
to the manufacture of fine copper. 

The first mention of copper ores in the statistics of the colony 
appears to occur in 1858, in which year 58 tons, of the value of 
£1,400, are stated to have been raised. The first smelting furnaces 
appear to have been erected about the year 1863, since which date 
the production of copper ores and copper has steadily and some- 
what rapidly increased. Unfortunately, however, the official 
records of the colony supply more information with regard to the 
annual production of copper than with respect to the mode of 
occurrence of its ores. 

The Great Cobar Copper Mine, which at the present time is 
the most important copper mine of New South Wales, is 
situated almost in the centre of the vast plain which lies between 
the Darling, the Bogan, and the Lachlan rivers ; the country for 
many miles around being entirely waterless. The rocks con- 
sist of Silurian slates, which within the limits of the property 
are supposed to be traversed by several lodes. Operations have 
hitherto been confined to the most western one only, upon which 
four shafts have been sunk. Barton's Shaft had, in 1880, been sunk 
to a depth of 54 fixthoms, and in that year the ins])Cctor of mines 
reported the lode at the bottom to be 40 feet in width and to 
consist entirely of solid sulphides. At the bottom of Becker's 
Shaft, which liad been sunk to the same de])th as the other, a 
solid course of ore averaging 26 feet in width ext(*n(led between 
the two shafts, a distance of about 1 00 fathoms. From Becker's 
Shaft on the north, to Renwick's Shaft on the south, the lode had 
been worked for a length of about 1 93 fathoms, and consisted of a 
mixture of carbonates, oxides, and grey copper ores, with oxide of 
iron, varying in thickness from throe to 100 feet. 

The rapid development of this mine is shown by the following 
statistical statement.^ 


Y('ar. 

Ore smelte'l. 

Copper proilneerl. 


Tons. 

Tons. 

1970 

1,458 

174 

1877 

4,880 

523 

1878 

8,889 

1,457 

1879 

12,615 

1,891 

1880 ’ 

20,566 

2,600 

1881 

21,552 

2,568 

1882 

, 11,702 

1,805 

Totals since the mine started, 1876 

81,162 

11,018 


Annual Rrpori of the Drpartvient of Mines for 1880, p. 2J7, Sydney, 1881. 
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The Nirnmagee Copper Mine, a}x)ut sixty-five miles south of 
Cobar, is one of the most important of the more recent undertakings. 
Four shafts had, in 1881, been sunk on the property, the deepest of 
which had reached a depth of 27 fathoms from the surface. In this 
shaft the lode was 6 feet in width, and entirely composed of good ore 
suitable for the furnace. An end, going north, had been driven above 
60 fathoms through a lode conqmsed of quartz, gossan, and grey 
copper ore. Another shaft had been sunk for a depth of 12 
fathoms througli a lode comjjosed of quartz, gossan, iron pyrites, 
and yellow copper ore. About 500 tons of 16 per cent, ore was 
lying on the surface ready for the smelting furnaces. 

The New Cobar Copper Mine, which is only about eight miles 
south of Great Cobar, affords satisfactory indications of the 
presence of large deposits of copper ore. The approximate area of 
the copper-bearing region of New South Wales has been estimated 
at about 6,700 square miles. 

The following table shows the quantity and value of copper, 
copper ore, &c, exported from the colony from 1858 to 1882. 

Table showino thk Quantity anp Value of CorrRii, Copper Ore anp 
KeGULUS, the PliODUCE OF THE CoLONY, ExPOKTEP FROM NEW SoUTH 
Wales, from 1858 to 1882 in(t.usive. 


Year. 



Ore and Jlegulus. 


Total. 

Qiianlit-y. 

Vuluc. 

Quantity. 

Value. 

Quantity. 

Value. 


Tons. cwls. 

£ 

TOIIK. 

.'Mds. 

£ 

Tons. 

cwls. 

£ 

1858 

— 


— 

58 

0 

1,400 

58 

0 

1,400 

3859 

I860 

— 


578 

43 

0 

1,535 

43 

0 

578 

1,535 

1861 

— 


— 

144 

0 

3,390 

144 

0 

3,390 

1862 

— 


— 

213 

0 

5,742 

213 

0 

5,742 

1863 

23 

0 

1,680 

114 

0 

420 

137 

0 

2,100 

1864 

,54 

0 

5,230 

— 


— 

54 

0 

5,230 

1865 

247 

0 

15,820 

22 

0 

545 

269 

0 

16,365 

1866 

255 

0 

18,905 

23 

0 

1,885 

278 

0 

20,790 

1867 

393 

0 

30,189 


2 

5 

393 

2 

30,194 

1868 

644 

0 

23,297 

172 

0 

4,000 

816 

0 

27,297 

3869 

1,986 

0 

74,605 

104 

0 

2,070 

2,084 

0 

76,676 

1870 

994 

0 

65,671 

6 

0 

60 

1,000 

0 

65,731 

1871 

1,350 

0 

87,579 

94 

0 

1,297 

1,444 

0 

88,876 

1872 

1,035 

0 

92,736 

417 

0 

13,152 

1,452 

0 

105,888 

1873 

2,795 

0 

237,412 

51 

0 

1,690 

2,846 

0 

239,102 

1874 

3,638 

0 

311,519 

522 

0 

13,621 

4,160 

0 

325,140 

1875 

3,520 

0 ' 

297,334 

157 

0 

4,356 

3,677 

0 

801,690 

1876 

3,106 

0 ' 

243,142 

169 

0 

6,836 

3,275 

0 

249,978 

1877 

4,153 

0 , 

307,181 

300 

0 

17,045 

4,513 

0 

324,226 

1878 

4,983 

0 

337,409 

236 

0 

7,749 

5,219 

0 

345,158 

1879 

4,106 

15 I 

256,437 

36 

7 

915 

4,143 

2 

257,352 

1880 

5,262 

10 j 

359,260 

131 

18^, 

4,799 

5,394 

8i 

364,059 

1881 

5,361 

0 1 

350,087 

132 

16 

4,975 

5,493 16 

355,062 

1882 

4,865 

3 

321,887 

93 

1 

2,840 

4,958 

4 

324,727 

Totals . 

4S,765 

8 

3,437,958 

3,299 

H * 

100,327 1 

52,064 124 

3,538,285 
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Tin. — The most important tin-fields of New South Wales are 
those situated near the Queensland boundary, but tin ore also 
occurs, although in less abundance, in some of the more southern 
portions of the colony. Attention was first called to the probable 
occurrence of considerable quantities of tliis mineral by the Kev. 
W. B. Clarke, to whoso investigations relative to tlic geology 
and mineral resources of Australia, reference has been already 
made. In a report to the Colonial Secretary, dated May 7th, 1853, 
Mr. Clarke strongly expressed his opinion with regard to the 
probable value of the stanniferous deposits of the New England 
district, but no practical notice was, at the time, taken of his 
observations. Washing for tin ore was first actively commenced in 
New South Wales in 1872, and the New England district quickly 
became famous for its rich deposits of that mineral. Cassiterito 
was first recognised among the black sands of the Victorian gold- 
fields in March 1853, but although the occurrence of tin in that 
colony is comparatively limited, it was not, as in New South Wales, 
entirely overlo(»ked. Tin ores from Australia ’wt're imported into 
England long previous to 1872, but they aj)pear to have come 
exclusively from Victoria. 

The tin deposits of Australia are not confined to the beds or 
banks of modern water-courses, but often extend high u]) their 
banks, thus indicating that extensive erosion has taken place 
subserpiontly to their deposition. Like gold, tin ore is also found 
in deep leads, which are sometimes covered by flows of basalt, 
and many of which are regarded as of Miocene age. Granites 
appear to be the ultimate source of Australian tin ore, and on high 
ground unworn crystals of cassiterite are occasionally found as a 
residuary deposit resting on the surface of decomposed granite. 
The granites are stated to be of Devonian age, and the tin veins 
which traverse them do not, as in Cornwall, exhibit an ap- 
proximate uniformity of strike. The area of the New South 
Wales tin-fields is estimated at about 8,500 square miles, and 2,200 
persons are said to be employ ed in tin mining. 

Tin streams began to be profitably worked early in the year 
1872; some of the first deposits of ore having been discovered 
in the neighbourhood of Bendemeer; and almost simultaneously 
a large extent of land was taken up for tin mining in the 
neighbourhood of W^atson’s Creek, twenty miles west of tfie last- 
named locality. Then there came information of tin ore having 
been found near the Queensland border, and Streamworks, some 
of which proved to be very rich, vrere opened around Stanthorpe. 
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After t\ie Stantliorpe mines came discoveries in the vicinity pf 
Dundee, and about the same time the deposits of Cope’s Creek, 
near Inverell, were brought to light. Discoveries at Vegetable Creek 
quickly followed these, where, as well as at Inverell, the workings 
were carried out upon a large scale and with very profitable results. 
Some of these original shallow deposits have been long since 
worked out, but a large number of deep leads, then entirely 
unknown, are now in active operation. An enormous quantity 
of tin ore has been taken from the mines in Vegetable Creek, 
wbicli may be regarded as tbe centre of the richest discoveries of 
tliat mineral in the colony. From 1872 to December 81, 1880, 
the total yield of tin (black tin?) from workings in the Vegetable 
Creek district, is stated to have amounted to 20,988 tons.^ 

The deep lead worked by Wesley Brothers at Vegetable 
Creek is one of the richest discoveries of tin-bearing drift ever 
made in the district, even eclipsing the celebrated deposit worked 
by tbe Vegetable Creek Tin Mining Company. After sinking 
tbrougli 90 feet of basalt, 00 feet of which was exceedingly hard, 
together with various layers of pipeclay, their perseverance was 
rewarded by the discovery of a bod of rich wash-dirt. When they 
had followed the rock on which they bottomed, which was dipping 
rapidly, for a deptli of about twenty feet, they came upon the 
wash, consisting of ten feet of fine sandy drift with a fair amount 
of stream tin. Below this was a layer of coarse gravelly drift, 
exactly like that seen in the bed of an ordinary river, which was 
wonderfully rich. In the year 1879 they were unable to reach 
the bed-rock on account of the large amount of water, but a new 
shaft was being sunk with a view of reaching the bottom of 
the deposit. Fig. 85 represents a section of Wesley Brothers’ 
old shaft looking west. 

In 1880 the width of the lead had been proved to be 170 feet,* 
and workings had extended upon its direction for a distance of 
840 feet. The wash was found to be exceedingly rich, and in 
many places was black with tin oxide; but, being composed of 
gravel and very fine sand, the whole of the workings had to be 
close lathed and double planked. The yield of black tin, which 
was 286 tons for the year, would have been considerably larger had 
there not been a scarcity of water during the earlier months. 

The great event of the year 1880 appears to have been the 
striking of remarkably rich wasli-dirt at Rose Valley, near 
Vegetable Creek, where, after sinking through sixty feet of soft 
^ C. Lyiie, “ The Industries of New South Wales,’’ p. 190. 
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grey basalt and twenty of variously coloured pipeclays, exceed- 
ingly rich tin-bearing wash-dirt, wliich varied in thickness from 
2 to 81- feet, was found. The width of this lead was proved to 
be about 100 feet, and drifts were extended for a distance of 300 
feet upon its course. From these workings 553^ tons of tin oie 
were obtained during the course of nine months. 



Although numerous tin lodes are known to exist in various 
localities in New South Wales, no vein mining of any considerable 
extent has been hitherto undertaken. Near Cope's Creek in the 
granitic country, thirty-five miles north-west of Arrnidale, a number 
of large stones of solid tin ore were, some years ago, obtained 
from the outcrop of a lode. One of these lumps is said to have 
weighed 57 lbs., and to have yielded by assay 76 per cent, of 

I I 2 
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metallic tin. The tin ore at the Bolitho Mine, runs in irreguUr 
branches through a nearly vertical felspathic dyke. These veins 
sometimes unite so as to form an almost solid mass of ore^ and 
then again dwindle and disappear. Several large blocks of vein- 
stone raised from this place, one of which weighed nearly a ton, 
are stated to have mainly consisted of tin ore. At the Bismarck 
Mine, south of Cope’s Creek, a dyke of felstone has been discovered 
containing tin veins. The tinstone is here associated with quartz 
in veins varying from a mere string to branches three inches 
in width, which traverse the dyke in all directions. The ore 
usually occurs in t]bo form of crystals lining the sides of fissures, 
the central portions of which are filled with quartz. A vein of 
nearly pure cassiterite, four inches in width, associated with clay and 
fluor spar, is said to have be opened at the Boundary Tin Mine. 

Several tin lodes occur near Tingha, some of which are stated 
to have produced solid masses of tin ore several inches in thick- 
ness ; but with the exception of two, one worked by an Englishman 
and the other by Chinamen, they were in 1880 all deserted. There 
are ricl» tin lodes in the neighbourhood of Vegetable Creek, but 
rich finds of alluvial tinstone at Hose Valley will tend to check 
for some time the progress of vein mining in the district.' 

Tlie following table shows the quantity and value of tin and 
tin ore ex[)orted from the opening of the tin-fields in 1872 to the 
end of 1882. 

Table showing the Quantity and Value ok Tin .and Tin Ore, the Produce 

(»F THE Colony, K.xi'orted from New South Wales to end of 1882. 


Year. 

i 

Ore. 

Total. 

Quantity, j 

Value. 

Quantity. 

Value. 

Quantity. 

Value. j 


Tons. 1 

& 

Tons 

£ 

Tons. 

£ I 

187*2 

47 

0,482 

849 

41,337 

89(1 

47.819 1 

1873 

911 

107,795 

3,660 

2*26,641 

4,571 

334,436 

1874 

4,1(U 

366,189 

2.118 

118,133 

6,219 

484,322 

1875 

6,058 

475,168 

2,022 

86,143 

8,080 

561,311 

1876 

5,449 

379,318 

1,509 

60,320 

6,958 

439,638 

1877 

7,240 

477,952 

124 

30,588 

7,354 

508,540 

1878 

6,085 

362,072 

1,125 

33,750 

7,210 

395,822 

1879 

5,107 

343,075 

814 

29,274 

5,921 

372,349 

1880 

5,476 

440,615 

682 

30,722 

6,158 

471,337 

1881 

7,590 

686,511 

609 

37,492 

1 8,200 

724,003 

1882 

8.059 

800,571 

611 

32,890 

8,670 

833,461 

Totals . 

56,113 

4,445,748 

i 

14,123 

727,290 

70,237 

5,173,038 


Annual Hcport uf the Dt'parimenl of J/mr.'? for 1880, p. 213. 
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. IiiOK. — Important deposits of iron ore arc found in close 
proximity to coal and limestone in various parts of the colony. 
The ore found at Mittagong, in the southern district, contains 
65 per cent, of iron. The iron ore at Walleravvang, dislant 105 
miles from Sydney, consists of magnetite and brown haeinatite, in 
addition to which there are beds of so-called clay bands inter- 
stratified in the Coal-measures. These clay bands are not impure 
carbonates, but brown haematites containing about 50 per cent, ot 
iron. Bands of highly ferruginous garnets accompany the veins 
of magnetite. 

The Eskbank Iron Company, who have established works at 
Lithgow, 95 miles from Sydney, are the largest manufacturers 
of iron in the colony. These works are connected by a tramway 
with the Great Western Railway. The ores treated consist of a clay 
band stone averaging 40 per cent, of iron, a brown Inematite yielding 
50 per cent, of metal, aud a siliceous ore containing a somewlia,t 
low percentage of iron. The first, which crops out at the surface, 
varies from six to fifteen inches in thickness, tlie second forms 
a bed two feet thick, while the thickness of the third is four feet. 
A ten-feet seam of splint coal crops out upon this property, as docs 
also a seam of refractory clay, from which firebricks are manu- 
factured. The make during the year 1880 amounted to 1,200 tons 
of pig-iron and 800 tons of bars and rails. 

Lead.— At the present time no lead mines are known to he 
working, hut a few tons of lead ore are occasionally exported. 

Antimonv. — Stihnite occurs in various parts of New South 
Wales, and during the year 1880 some further discoveries of that 
mineral were reported to have been made. At a mine opened 
near Armidalc the vein varies in width from 10 to 15 inches, 
and the ore is stated to yield 50 per cent, of antimony, and 
1 oz. 2 dwt. of gold per ton. The ore from another mine is said 
to yield 66 per cent, of antimony. Antimony lodes have been 
discovered at Hargraves Falls and in the neighbourhood of Ahorfoil. 
Rome lodes in the Macleay district have been worked, vhile in 
the Bathurst district, pure blocks of stihnite occur, but without 
any defined lode. The antimonial ores on the Munga Creek, four 
miles above its junction with the Macleay River, occur in a 
quartzose matrix in lodes having a general strike between north 
and north-east ; the Victoria reef is, however, in this respect an 
exception. Antimony and antimony ores weighing 99 tons 19 
cwts., and having a value of £1,652, were exjorted during the 
year 1880. 
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Bismuth. — This metal occurs in a vein 8 inches wide at 
Silent Grove, and also in the Vegetable Creek district. It is 
likewise worked at the Elsinore Mine on tlio McIntyre River, 
near Inverell, and in the vicinity of Glen Innes. Although 
bismuth has long been known to exist in the latter region, 
mining for this metal, as an industry, was not commenced until 
1880, during which year 4?. tons of ore were (‘xported from the 
Kingsgate Mine, eighteen miles east of Glen Innes. The lodes 
in which the metal is found vary from G to S feet in width, 
and have an east and west bearing. The county rock is granite 
and the veinstone quartz, from which masses of native bismuth, 
weighing from 1 to 2 lbs., arc sometimes obtained. 


Queensland. 

This, the most recently organised of the Australian possessions, 
was separated from New South Wales in 1859. Its most im- 
portant metalliferous productions are gold and tinstone, but, in 
addition to these, Queensland has, in the aggregate, yielded con- 
siderable quantities of copper ore. 

Gold. — The gold-fields of the colony, which are grouped in 
three divisions, namely, the Northern, the Central, and the 
Southern, < tceed twenty in number, but exhibit no peculiarities 
differing fn n those which have been already described as oc- 
curring in \ . 'toria and New South Wales. Mr. Daintree has 
called attention to the fact that, although a large area of Devonian 
rocks exist in Queensland, and numbers of the gold-fields of the 
colony are situated in Devonian areas, payable gold is under such 
circumstances only found where the rocks have been penetrated by 
eruptive dykes which mostly consist of pyritous diorites. On the 
Broken River and its tributaries an area having a breadth of thirty 
miles with a length of sixty miles, is occupied by a persistent out- 
crop of Devonian strata, in which gold has in no case been dis- 
covered in remunerative quantities except in a small gully heading 
from a ridge where a trap dyke luis penetrated the Palseozoic rocks. 
Various districts, however, where Devonian rocks prevail, have 
at different times been centres of gold-mining enterprise, but, as far 
as is yet known, tlie country has, in every case, been traversed by 
dykes of diorite, diabase, or porphyrite. Tufaceous representa- 
tives of each of these rocks are sometimes also found inter- 
stratified with the upper portion of the same formation, and 
occasionally also throughout the other beds. 
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• At Gyinpie, one of the richest quartz-mining districts iu the 
colony, the auriferous area is confined either to veins traversing a 
crystalline diorite, or within a certain limit of its boundary marked 
by the presence of fossiliferous diabase tuffs.^ 

At one of the diggings near Peak Downs, water-worn gold 
occurs in a Carboniferous conglomerate containing Olossoptrrls, 
resting upon an underlying conformable shale abounding in the 
same fossil. Mr. Daintree was of opinion that the only reason tliat 
water-worn gold has not been more frequently found under similar 
conditions is explained by the fact that marine and lacustrine 
deposits, such as the Carboniferous as well as all the Mesozoic and 
older Cainozoic strata of the continent, are chiefly built up of 
sediments which have not been derived from the rocks on which 
they rest. Only beaches or locally filled Qords of Carboniferous or 
Mesozoic sea-coast, where auriferous reefs have cropped out and 
have had a chance of extensive abrasion, would, he considered, be 
likely to contain drifted gold.^ 

A large proportion of the gold obtained from Queensland is 
derived from shallow alluvial workings, some of which are mere 
washings of the gravels found in river-beds, which are collected 
from holes and crannies on the surface of the bed-rock. 
Although a great volcanic outburst, which is regarded as^ being 
contemporaneous with the upper volcanic series of Victoria, has 
overspread enormous areas with basaltic lavas, the working of deep 
leads below such flows is not extensively prosecuted. Quartz 
mining is, however, carried on with considerable activity, and the 
quartz treated is considerably richer than that of Victoria. 

In the year 1880 the average yield of the 110,418 tons of auri- 
ferous quartz treated, amounted to 1 oz. 11 dwt. 12 gr. of gold 
per ton ; the aggregate area of the gold-fields was estimated at 
15,725 square miles; and 1,578 distinct quartz leads had been 
proved to be auriferous. Many of the quartz veins when encloFC( 
in sedimentary rocks, traverse the planes of bedding at considerable 
angles, and are, therefore, entitled to be regarded as true veins. 

From a report on the mineral resources of the district between 
the Charters Towers gold-fields and the coast, published m 1879,^ 
we learn that gold in small quantities has been found m the gravel 


1 R. Daintree, “ Fotes on the Geology of the Colony of Queensland,” Quart, 

*^'”T^PNote^on Australia,” Quart. Jour, Geoh 

on the Geology and Mineral Kesenrees of the 
District between Charters Towers Gold-fields and the Coast, Bnshane, lin,. 
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of the rivers on the coast side of the range. Arens occupied by recent 
alluvial deposits are met with at Brennan’s Creek and MossmaiTs 
Creek, and another extends for some distance along Sandy Creek. 
Some narrow strips of alluvium on creeks to tlie south of Charters 
Towers have yielded considerable quantities of gold, but the narrow 
alluvial flats on many of the small streams have been almost com- 
pletely worked out. Some of the tributaries of the Little Star 
Eiver, more especially that known as Dry or Scrubby Creek, have 
for many years attracted a few miners, whose desultory labours have 
been on the whole fairly rewarded. The drift of the Little Red 
Bluff and the deep lead in connection with it, have been repeatedly 
tried for gold, but with very indifferent success; although the 
number of shafts sunk in the basalt sufficiently attests the earnest- 
ness with which the work was formerly carried on. 

From an examination of the shafts which remained open at the 
time of his visit, Mr. Jack arrived at the conclusion that but few of 
them had reached the true bottom. The deep lead to the south- 
east of Millchester employed the labour of a considerable number of 
diggers in the year 1872, when a good many made considerable 
profits. Mr. Jack considers that in this district, generally, it would, 
in the first instance, be prudent to confine operations to leads in 
the vicinity of known auriferous reefs ; and, for the benefit of intend- 
ing explorers, quotes Daintree s observation, that it is doubtful if 
any marine or extensive lacustrine beds, except on their shingle 
margins, have produced or are ever likely to produce remunerative 
workings of free gold, for the simple reason that the majority of the 
sediments of wh’ they are composed are derived from formations, 
the greater part of which were non-auriferous. 

Over the whole of the Pre-Devonian metamorphic area, quartz 
reefs are numerous and the soil is strewn with quartz fragments ; 
from which it is x^robable that some of the gold may have found 
its way into the various streams. Isumerous dykes of diorite occur 
throughout the district, and copper and tin ores in considerable 
quantities have been obtained from the district north of the 
Burdekin. 

The rich gold-field of Charters Towers occupies the western 
edge of an area of ordinary and syenitic granite, bordering on the 
little altered slates and grits of the Sandy Creek district. It is 
only when the reefs of this district are laid down upon a map that 
any idea can be formed of their general mode of arrangement. 
They are then found to diverge like rays, from a common centre 
to which they do not extend, and as there is a break of some 35° 
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iii^the circle, which commences about 10° east of north, a sort of 
horseshoe shaped figure is the result. The lodes thus radially 
disposed, when seen from near the point towards wliich they 
converge, dip in the eastern half of the circle, for the most part, 
to the left, while in the other half their inclination is usually to 
the right of the observer. 

A large proportion of the reefs in the Charters Towers district 
are enclosed in granite, but they also sometimes occur in porphyry. 
The veinstone is principally quartz, containing iron pyrites and 
pyrrhotine, both of which are auriferous, but more particularly the 
latter; pyrites containing gold is also present in the clay selvages 
of some of the veins, but the amount is usually not sufficient to 
leave a profit on the process of extraction. As long ago as the 
year 1879 some of the quartz mines in this district had already 
attained a depth exceeding eighty fathoms. 

The following table, compiled from official sources, shows the 
weight and value of the gold exported from Queensland from the 
beginning of 1861 to the close of the year 1882. 


Table showing the Weight and Value of Gold, the Peoduce of the 
Colony, Exported from Queensland during the following Years. 


Year. 

Quantity. 

Value. 

Year. 

Quantity. 

Value. 1 

i 


oz. 

£ 


OZ. 

. ! 

1861 

1,077 

3,928 

1872 

186,019 

660,396 1 

1862 

189 

625 

1873 

194,895 

7 17, .640 I 

1863 

3,936 

14,802 

1874 

375, .687 

1,356,07] 1 

1864 

22,037 

83,292 

1875 

391,515 

1,498,433 

1865 

25,339 

92,938 

1876 

374.776 

1,427,929 

1866 

22,916 

85,561 

1 1877 

353,266 

1 1,307,084 

1867 

49,092 

189,248 

i 1878 

283,592 

1,052,490 

1868 

165,801 

593,516 

' 1879 

281,552 i 

i 1,023,237 

1869 

138,221 

523,045 

1880 i 

228,120 

1 820,643 

1870 

136,773 

489,539 

1881 

! 259,782 

i 925,012 

1871 

171,937 

616,907 

1882 

1 230,090 

j 829,665 

TdIjiIs . . 

i 3 . 896.512 

14.311. 901 


Copper. — We are without detailed information relative to the 
mode of occurrence of copper ores in Queensland, but the range of 
this metal in the colony is very considerable, extending as it does 
from West Moreton on the south, up to the Cape York country 
in the north ; and from the seaboard on the east, far back into 
the western regions. Among the known localities which have 
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produced copper the following may be mentioned, namely ; — Peak 
Downs, Mount Perry, Copperfield, Mount Norma, Glen Prairie, 
Cloncurry, Kroombit, Edina, Cressbrook, Kennedy, Rawbellc, 
Mount Flora, Mount Orange, Mount Greentop, Charters Towers, 
Drummond, Boolboonda, Mount Harpur, Mount Gotthard, Ellnn- 
dale, Great Biackall, Mount Clara, Teebar, Munna, Wolca, 
Normandy, &c.^ 

At the Peak Mine igneous and metamorphic rocks predominate, 
the Peaks giving the name to the locality being entirely com- 
posed of partially decomposed trachyte. An amygdaloidal dolerite 
sometimes contains patches of cop])er ore, and some of the 
cupriferous traps are said to very closely resemble those of the Lake 
Superior cop])er mines. As early as 1870, 2D,1(>8 tons of 20 per 
cent, copper ores had been raised from this property. About that 
period a lode two feet in width, running east and west, was cut at a 
depth of forty fathoms from the surface and traced for a distance of 
250 fathoms. This discovery was folloAved in 187J1 by that of another 
lode containing large quantities of black oxide of copper. In five 
years the dividends, on a nominal capital of £1 00,000, reached the 
sum of £215,250, besides wdiicli £53,577 had been written off the 
value at the mine. The company had, however, subsequently to 
contend with very serious difficulties ; tlie land transpoi t to the place 
of shipment was over 250 miles, and miners’ wages ranged from three 
to four pounds per week. A decline either in the shijmicnt of ore 
or in the price of copper, consequently, very seriously affected the 
undertaking, which was eventually closed. A mine has been 
worked at Mount Perry upon nearly vertical veins enclosed in 
granite, but tlie position of the locality with respect to the port 
of shipment renders the transport of ores very expensive. 

Very large quantities of copper ore are said to occur in 
Palaeozoic rocks at Cloncurry, which is however unfavourably 
situated with regard to transport, being on the western side of the 
main dividing range and 500 miles from the shipping port of 
Townsville. 

At the Kennedy Copper Mine, near Sandy Creek, west of the 
Star River, the lode shows a large outcrop in porphyry, and 
courses about 35° east of north. At the Great Northern Copper 
Mine, in the Upper Star basin, a lode occurs in clay slate between 
two masses of granite. Only three copper mines are, at the 
present time, working in the colony. 


* James Bonwick, “ Resources of Queensland,” p. 104 ; London, 1882 . 
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^ The following table, compiled from official sources, shows the 
weight and value of the copper, copper ore and regulus, exported 
from Queensland, from the commencement of 1872 to the close of 
the year 1880. 

CoppKR, Copper Ore and Regulus, the Troduge of the Colony, Exported 
FROM Queensland jutring the following Years. 

InRotH. ! Ore and Ue-KulUH. | Tutnl. j 

Year. - 

j Quantity. 

Tons, 

1872 2,88r>:| 

1873 2,33i)i 

1874 1,78(1 

1875 1,291 

1878 2,()r)() 

1877 1,920 

1878 490^ 

1879 490:1 

1880 3111 

Totals . I 13,5()0| 

I 

During the year 1881 Queensland prodiK^ed 3,220 tons of 
copper ore of the value of £5,520, while in 1882 the production 
amounted to 1,300 tons of the value of £13,000. 

Tin. — M r. T. F. Gregory was, in July 1872, sent to report upon 
the tin-fields at the Severn River, in the district of Darling, Downs 
Soubh.^ Ho describes the stanniferous area of Queensland, as 
far as was then known, as being comprised within the following 
limits. ‘‘Commencing on the main dividing range bed, ween the 
eastern and the western waters at Lucky Valley Gold-fields, near 
the head of the Condamine River, the northern boundary extends 
in a west-sou th-westerly direction for about twenty-five miles, 
passing fifteen miles south of the town of Warwick to the head 
of Pike’s Creek on the Pikedale Run; from this point it is 
bounded by a slightly curved line extending south about twenty 
miles to the Severn River, three miles below the Ballandean Head 
Station, where it trends south-east for twelve miles further, meeting 
the boundary of New South Wales at the Tenterfield Run; thence 
the crest of the watershed which forms the boundary between the 
two colonies, embraces it in a north-easterly and easterly direction, 
back to Lucky Valley, the area comprised being, in round 
^ Quart Jour, Gcol, Soc., vol. xxix. 1873, p. 1. 




Vnluo. 

Qiantity. 

V;iluo. 

Qimiility 

Value. 

£ 

Tons. 

£ 

TotIH. 

£ 

234,510 

1,013 

23,183 

3,929'j 

257,723 

189,479 

418 

11,220 

2,757i 

200,099 

140,038 

1303 

3,0.58 

1,9025 

149,090 

10.5,549 

219 

5,714 

1,510 

111,203 

170,881 

40 

1,.501 

2,102 

172,382 

105,001 

39 

1,730 

1,9.59 

107,337 1 

32,825 

83-] j 

2,301 

574i 

3.5,120 

32,011 

07 

2,150 

500:1 

34,791 

19,279 

14] 1 

- „l 

858 

320 

20,137 

1,090,833 

2,0071 1 

! 1 

52,321 

1 

1 15,028 

1 

1,149,154 
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numbers, five hundred and fifty square miles in extent. Of this 
area, however, only about two hundred and twenty-five square 
miles have hitherto been found sufficiently rich in tin ore to pay 
for working/’ 

The physical and geological character of the whole of the 
area described is that of an elevated granitic table-land intersected 
by ranges of abrupt hills, the highest of which are about three 
thousand feet above the sea level ; its eastern escarpment forms 
the watershed of the Clarence River, the northern that of the 
Condamine, and the south-western that of the Severn and McIntyre 
Rivers. The richest deposits have been found in stream beds and in 
fluviatile flats on their banks, the productive ground varying from 
a few yards to five chains in width but occasionally broken by 
rocky bars. In such cas(3S large deposits are frequently lodged in 
the spaces existing between the various granitic boulders. The 
aggregate length of these stanniferous bands was estimated by 
Mr. Gregory at about one hundred and forty miles on the Severn 
River, and about thirty more on the tributaries of Pike’s Creek, 
At the date of Mr. Gregory’s report, the tin lodes which had been 
discovered were but very imperfectly tested. 

The discoveries of tin ore made about the end of 1879 and 
tlie beginning of 1880, in the Wild River and Great Western 
districts, have, however, entirely eclipsed all previous ones. 

The Herberton Tin Mines are situated on the slopes and 
crests of spurs from a great granitic mountain range, which runs 
nearly north and south at a distance varying from forty to fifty 
miles from the coast. The tin claims are chiefly on the slopes of 
the mountains which, at a distance of less than a mile, entirely 
surround the town. The summit of the range is on an average 
from six to seven hundred feet above the level of the Wild River. 

According to the Rev. J. E. Tenison- Woods, ^ the workings are 
of three kinds : — 

First, those in which the tin ore has been scattered on the 
surface of slopes beneath, and in the immediate vicinity of, a lode. 
The second kind of workings consists in quarrying out masses 
of tinstone occurring on the backs and outcrops of lodes. Such 
bunches are due to the retention, in its original position, of the 
cassiterite present in the veins ; while the lighter impurities, with 
which it was originally associated, have been removed by dis- 
integration and the mechanical action of water. The third class 

1 Rev. J. E. Tenison-Woods, “ Report on tlie Wild River and Great Western Tin 
Mines (near Herberton),” Brisbane, 1881 , 



VkJiT a.] QUEENSLAND. 493 

oC workings consists of ordinary mining, where shafts are sunk and 
levels driven. 

As far as they have been hitherto explored, the lodes in this 
neighbourhood are both wide and exceedingly rich. They vary to 
some extent in their direction and dip, but are commonly nearly 
vertical. At Herberton the average direction will be somewhat 
east of north and west of south ; but on the western side of 
the granitic range the avera-ge direction is, on the contrary, more 
frequently west of north and east of south. 

The Herberton mines are on the Wild River, and on the eastern 
side of the granite range ; but on the western side, at a distance of 
between six and seven miles, on the sources of the Tate and Wash 
Rivers, there is a second stanniferous area, known as the Great 
Western tin-field. The granites of both regions are essentially 
composed of orthoclase, quartz, and black mica, and the tin ore is 
sometimes accompanied by wolfram. 

A peculiar feature of the metalliferous deposits of the Great 
Western area is the outcrop of several copper lodes, wliich some- 
times cany rich ores. The following descri2)tion by Mr. Jack of 
one of the localities which he visited, will serve to convery some 
idea of tlie general richness of the deposits in this district.^ 

“Prospectors’ Gully falls west-north-west into the Wild 
River. At the date of my visit the greater part of the bottom 
had been ch‘aned for about 1| mile up the gully and the wash- 
dirt stacked ready for sluicing. Here and there lay groups of 
boulders of tin ore gathered out of the wash -dirt; many of them 
nearly 100 lbs. in weight. These large boulders stopped about a 
quarter mile uj) the gully below a reef of quartz showing tin ore in 
large lumps, wliich is seen on tlie right bank of the gully striking 
S. 10° W. to N. 10° E. The wasb-dirt in the gully above this lode is 
characterised by finer stream tin. 

“ Shortly above the lode the gully splits into three branches. 
Between the southmost and middle branches, lumps of ore, from 
the size of marbles to the size of eggs, strew the surface in astonish- 
ing quantities. Without moving from the spot one might easily 
gather a stone weight of ore almost anywhere by reaching out his 
two hands. The whole of the ‘surface’ here should pay well to 
wash. This surface ore leads up to the Great Northern Lode of 
the Prospectors. A shaft has been sunk on this to tlie depth of six 
to ten feet. Twenty-six tons of ore, containing 60 per cent, of tin 
have been raised from this shaft and sold.” 

^ R. L. Jack, Gcol. Survey of Northern Queensland, 1881, p. 8, 
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Observations made during this examination led Mr. Jack •to 
the conclusion that the tinstone was originally in the form of 
disseminated crystals, which have become concentrated by the 
weathering of their matrix during a long period of sub-aerial 
denudation. Two distinct types of tin-bearing rock were met 
with, namely, quartz reefs, and eruptive dykes. Many of the 
latter are to be passed at various points along the rocks on the 
boundary between Queensland and New South Wales.^ 

The number of tin streams and tin mines in operation in the 
colony during the year 1881 amounted to 174, but no deep leads 
appear to have been worked under the basalt. On referring to the 
following table the enormous increase in the production, consequent 
upon the discovery of the Wild River and Great Western tin 
deposits, cannot fail to be observed. 


Amount and Valuk of Tin Oiie I’Rodtt('ei) in Queensland from 1872 
TO 1882 IN0L1%S1VE. 


Yc;ir. 

1 

1 

'J in Ore. 

Quantity. 

Vnhe. 

1 

'J'Oll.K 

a 

1872 

3,883 

96,840 

1873 

3,7!I0 

208,993 

1874 

3,193 

160,. 592 

3875 

2,470 

3 03,740 

1870 

2,325 

102,030 

1877 

2,519 

94,462 

1878 

1,378 

3,5,340 

3879 

3,142 

106,010 

1880 

1,553 

47,300 

1881 

100,448 

2,168,790 

1882 

27,312 

660,590 

Tottils .... 

155,313 

i 

I 3,684,687 


During the year 1882 Queensland exported 418 tons of 
argentiferous lead ores, representing a value of £6,479. 


South Australia. 

Mining operations have, for many years, been extensively 
carried on in various parts of South Australia, the most important 
minerals hitherto found being ores of copper. Gold, although to 
1 Proceedings Royal Qcogr, ^oc., vol. v. 1883, p. 101. 
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some extent present in the majority of its rivers and streams, is by 
no means abundant. With regard to the mode of occurrence of 
argentiferous lead ores, which have been produced in considerable 
quantities, we are without detailed information. Until within a 
very short time South Australia has been without a Government 
Geologist, and consequently but little is accurately known of its 
geology ; while with regard to its mineral productions we have 
scarcely any information beyond that supplied by various statistical 
tables. 

Gold. — Mr. G. H. F. Ulrich, who visited South Australia in the 
year 1872, describes the principal localities in which gold mining 
was then being carried on ; the most important gold-fields being 
the Ulooloo, the Blumberg, the Barossa, and the Echunga, but gold 
was also obtained at the Jupiter Creek Diggings and elsewhere.^ 

The Ulooloo gold-field is situated some twenty-five miles 
north of the celebrated Burra Burra Mine, within an ar(‘.a forming 
part of the extensive northern region which has been proved 
to be rich in copper ore, but in which the existence of gold 
was at one time thought doubtful. The rocks throughout this 
portion of the field consist of flaggy, grey, brown, and bluish 
slates, alternating with massive quartzites and gritty sandstones. 
All these rocks are traversed by quartz veins, a])parently in all 
respects similar to those met with several hundred miles further 
north, which have been regarded as exhibiting an auriferous aspect. 
Unfortunately, however, tlic non-discovery of fossils in the rocks of 
either of these localities precludes the ])ossibility of establishing 
their geological relations. This field contains numerous deposits 
of auriferous shingle brought down from the surrounding ranges, 
and these may be divided into two classes. 

The more recent deposits are shingly drifts occupying the beds 
of creeks which have been for the most part eroded to the depth 
of several feet in slaty rocks, and, as the surfaces of these gullies 
are generally rendered very uneven by joints and fissures along 
cleavage jilancs, the collection of the wasli-dirt becomes a slow 
and troublesome operation. The older dej)osits, on the other hand, 
form banks of from 6 to 20 feet in depth, chiefly composed 
of clay, sand, and shingle, lying between the principal and 
branch creeks. These are generally richer in gold than those 
belonging to the other class. The principal diggings at Ulooloo 
extend for a distance of about a mile up a main branch of the 
creek, and the slightly water-worn character of the gold found 
^ “ Mineral Resources North of Port Augusta,” p. 19, Adelaide, 1872. 
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would appear to indicate that the reefs whence it was originally 
derived cannot be situated at any considerable distance. 

The rocks of the Bbimberg gold-field are partly of an eruptive 
and partly of a metamorphic character. They consist of mica schist, 
hard micaceous quartzites, sandstones, and flagstones, and are 
traversed by eruptive dykes and by protrusions of a very coarse- 
grained granite characterised by containing large crystals of white 
mica. The alluvium here varies from three to five feet in thickness, 
and at the surface consists of brown and yellow mottled sands and 
clays, beneath which is a layer of from one to two feet in thickness, 
consisting of a mixture of clay and angular quartz-gravel resting 
on a soft bottom composed of mica schist. Wherever this thins 
out, the surface is, as a rule, found remuneratively auriferous up 
to a spot covered with numerous loose blocks of quartz. The 
gold is throughout of a crystalline spongy character, and must 
have been derived from reefs in close vicinity to the diggings. 
Some of the samples of alluvial gold from this field resemble 
the so-called spider-leg gold from the northern gold-fields of 
Queensland, which there occurs not only in the drifts but also in 
elvan dykes and greenstone. In this district various quartz reefs 
have from time to time been worked, but not generally with 
satisfactory results. 

The Barossa gold-field is said to exhibit in its topographical 
and geological features a close resemblance to some of the Victorian 
fields wliere the protective covering of basalt is absent. The 
principal deposit is probably of Pliocene age, consisting of rounded 
quartz pebbles, and boulder drifts, enclosing layer-like patches 
of ferruginous quartzose conglomerate. Both the older and more 
recent drifts are ^auriferous; but various circumstances go to 
show that the gold in the latter was mainly derived from the dis- 
integration of the former. From the fact that a portion of the 
gold found in the more recent alluvium is less water-worn than 
is that from the older, there is a probability that auriferous quartz 
reefs exist within the limits of this gold-field. 

At Echunga the geological features of the country closely 
resemble those occurring at Barossa, namely a drift of pro- 
bably older Pliocene age, composed of rounded quartz pebbles, 
ordinary drift, and conglomerate, occupying the slopes and summits 
of talerably high ranges. Some of the quartz leads in this 
gold-field have been rather extensively prospected. 

At least a portion, if not the chief part, of the gold found 
in Jupiter Creek has likewise been derived from denuded older 
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di;ifts, as is shown by rich cemented cakes and surface patches 
composed of rounded quartz pebbles, worked on the hill side. Since 
the gold in the gully is either hackly or only slightly rounded, 
and as specimens of auriferous quartz are of frequent cccurrence, 
there can be little doubt that one or more quartz reefs must exist 
somewhere near the head of the gully. 

Mr. J. A. Plunkett states that, although a large amount of 
money has been expended in quartz reefing in the northern terri- 
tory, and a good deal of quartz has, in the aggregate, been raised 
and crushed, quartz mining has not been fairly tried. Many 
claims have been siipeificially tested, wljile not a sufiicieiit number 
of them has been systematically worked. The average yield from 
the commencement would, however, he believed, exceed one ounce 
of gold per ton of stone crushed.^ 

The principal reefs to which attention has heen directed, taking 
them in order from north to south, are the following : — The 
Stapleton Reefs, the Howley Reefs, the Britannia Reef, the Yam 
Creek Reefs, the Extended Union Reef, the Union and Lady Alice 
Reefs, and the Pine Creek Reefs. Of these the Union and the 
Lady Alice Reefs, with the Pino Creek Reefs, are tlie only ones 
wliich have been worked upon anything like an extensive scale. 
With the exception of one or two reefs which run nearly due 
north, their course is either north-westerly or north-north-westerly, 
and in some cases they can he traced for a considerable distance. 

In the year 1875 the total result obtained from thirty- tlirce 
distinct crushings of quartz from the northern territory of South 
Australia was as follows : — 

Quartz treated, 2,7o2J tons ; gold obtained, 4,327 oz. 18 dwt., 
a little more tlian 1 oz. 1 2 dwt. of gold per ton of stone treated. 

No detailed statistics of the gold production of South Australia 
appear to have been officially published, but it is semi-officially 
stated that up to 10th December, 1881, 130,000 oz. of gold, valued 
at £450,000, had been exported from the colony. 

Copper. — The history of copper mining in South Australia 
dates from the year 1843, when the Kajmnda Mine was discovered 
on a sheep run, fifty miles north-east of Adelaide. Smelting 
for regulus was commenced in 1840, and the process was sub- 
sequently extended to the manufacture of fine copper. Tlie Burra 
!6urra Mine was discovered about two years after the Kapunda, 
from which it is distant some forty-eight miles in a northerly 
direction. The total quantity of ore raised from the Burra Bun*a 

^ “ South Australia,” edited by William Harcus, p. 16P, Ifiulon, 1876. 

K K 
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Mine during twenty-ono years from its commencement was 215,132 
tons, giving an averag(i produce of 22 per cent., and worth over 
£4,000,000. For some years, however, the yield of ore from this 
mine has been comparatively small. 

There arc two lodes at Burra Burra, both striking north-west 
and south-east and dipping north-east at an angle of about TO'". 
The rock forming the foot wall of Allen’s Lode is a serjientinous 
Jimestonc/’ massive and compact; while the rock on the hanging 
side of Kingston’s Lode is composed of very tliiri, highly inclined 
beds of non-fossiliferous limestone. The veins would seem to come 
under the class known as contact veins, but as no workings were 
made south of their junction, and no section of the country rock 
exists, the evidence on this point cannot be regarded as complete, 
’rhe main engine shaft is sunk to a deptli of 100 fathoms from the 
surljK^e, and tljere is no adit. Blue and green carbonates continued 
to a depth of from forty to fifty fathoms. Red and other oxides 
of copper as well as metallic co})])er were also found more or less 
within these limits. Between the 50- and GO-fatliom levels large 
horses ” occurred containing vein material and ore. A little 
below the 70-fathom level erubescite was found, while between 
the 90- and lOO-fatliom levels the first discovery of copper pyrites 
was madc.^ 

For many y(\ars the Burra Burra, was probably the richest 
’co])])or mine in the world, but, in 1800, the discovery of the 
Wallaroo Mine, Port Wallaroo, and shortly after of the Moonta 
Mine, on Yorke’s Peninsula, within the next two years brought 
formidable rivals into the field. The development of the 
Wallaroo Mines was exceedingly costly, and a large amount of 
capital, amounting to some £80,000, was expended before any 
ad e(]uato returns had been made. Since the year I860 its pro- 
gress has however been satisfactory, the lodes being in many 
places extraordinarily large and productive ; sometimes measuring 
nearly thirty feet in width of almost solid ore, containing 12 per 
cent, of copper, and yielding as much as sixty tons of ore per 
running ftithoin. The width of the lodes is, however, usually from 
five to ten feet. 

There arc three distinct lodes at the Wallaroo Mines, all of 
which are enclosed in porphyrite. They strike about 20° S. of E. 
and are nearly perpendicular down to the 80-fathom level. These 
lodes consist of a series of large lenticular masses connected by 
narrow partings in the country rock. There are many cross 

^ notos furnished hy Mr. J. Darlington. 
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divisions against wliioli the ore often teriiunatos, as wtdl as others 
which slightly shift the lodes. The principal ores to a depth of 
15 fathoms are carbonates of copper; black sulphides hotwoen 
the 15- and 25-fathom levels; and copper pyrites from the? 25- 
fathom level downwards. The porphyrite, >\hich is the country 
rock, is often capped by limestone, and the ores on an average 
assay about 12 per cent, for copper. 

During the first fifteen years after the opening of the Wallaroo 
Mine the total quantity of ore raised was 290,609 tons, each of 
21 cwts. 

About a year subsequent to the discovery of the Wallaroo 
Mine, a still more valuable find of co})])cr ore was made (di'von 
miles to the south-west of it, and about two miles from the coast. 
A quantity of small fragments of green carbonate of copper 
having been found lying on the surface of the ground, pits were 
sunk, and a fine lode of copper ore was met with at a veuy 
inconsiderable depth. This was the commencement of the now 
celebrated Moonta Mine. At this mine highly inclined masses of 
porphyrite are covered by a layer of conglomerate, varying from 
one to three feet in tliickiiOvSS. On this i-eposos a bed of stiff rod 
clay resulting from the decom]>osition of ]K)rphyrite, between four 
and five feet in depth, covered by two feet of limestone, above 
which arc a few indues of sand and gravel. The ])rineipal lodes 
are three in number, namely : the Main Lode coursing 20° N. of E., 
with an underlie of from two to three feet per fathom west ; Young’s 
Lod(», with a direction 40° E. of N., and an underlie of from three to 
five feet in a fathom west; and Dominick’s Lode, coursing 40° E. 
of N., and underlying from finir to five feet ])C‘r fatliom west. Tiio 
distance between Young’s Lode and the Main Lode is from 800 to 900 
fathoms, and between the former and Dominick’s Lode from 70 to 80 
fathoms. Other lodes are sometimes recognised, hut it is prol)able 
that they are all either branches or prolongations of the above. 
The average yield of the dressed ore is about 18 per cent. 
During the first twenty months after the opening of the Moonta 
Mine, 8,000 tons of ore, averaging nearly 25 j)er cent, of fine 
copper, were raised, and dividends amounting to £64,000 wore 
paid from the proceeds. Tiic average yearly return from tlie 
commencement up to 1876 was 18,220 tons of ore, of an average 
yearly value of £197,270. There arc various other mines in the 
neit^hbourhood of the Moonta, which have been worked with 

o 

more or less successful results. 

Copper mines have been opened in two or three localities near 

K K 2 
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the River Murray ; and at Callington, about (phirly-six miles from 
Adelaide, in the direction of the Murray, a copper mine has been 
working for many years with a moderate degree ot success. A few 
miles fiom this is the Huel Ellen Mine, situated about throe miles 
from the town of Strathalbyn, wliich was originally worked for 
argentiferous lead ores. The lead ore ultimately ga.ve 2>k^ce to oxide 
of co])per; but the mine is believed to be at presemt unworked. 

The most extensive mineral district of the colony is that lying 
north, nortJi-east, and east of Port Augusta. Here the unaltered sedi- 
mentary rocks composing the tract of country from the Burra Burra 
Mine northward, show as a whole a remarkable uniformity in their 
lithological characters. The same rocks, consisting of quartzites, 
slates, and shales of various textures, sandstones, conglomerates, and 
siliceous limestones, recur again and again in grand anticlinal and 
synclinal undulations over hundreds of miles. As no traces of 
organisms have anywhere been found in these strata, the geological 
age of the rocks has not been accurately determined, but Mr. 
Ulrich, who visited this region in 1872, unhesitatingly assigns them 
to one of the older epochs of the Palseozoic period. As a rule, 
this region has the disadvantage of being barren and comparatively 
waterless. Timber for mining purposes is absent, and communica- 
tion with the seaboard is difficult and expensive. 

In this area copper ores occur as impregnations, in pockets, in 
layers, and in lodes of various kinds, but, speaking generally, Mr. 
Ulrich diXJS not appcjar to have formed a high opinion of its 
capacity as a mining district 

There were nin^d-een cop|>er mines in operation during the year 
1881, namely: — Yudanainutana; Blinman; at Dora; the Devon 
Consols Co. ; the Hamley Mining Co. ; at Kapunda South at 
Moonta; the Wallaroo Co.; the Yorke’s Peninsula Mining Co.; 
the Huel Friendship Mine ; the Kunamiindoo Mine ; the Garrett 
Mine ; Leigh’s Creek ; Nildotto ; Belioiia ; Voca Vocina ; Gammon s 
Creek ; Mount Rose, and North Mount Rose. Copper ores are 
the most important minerals of South Australia, and upon the 
yield of its copper mines the pro.sj)erity of the colony to no small 
extent depends.^ 

The following table, compiled from official sources, shows the 
weight and value of the copper, copper ore, and regulus, exported 
from South Australia from the commencement of 1856 to the end 
of 1881. 

^ “The Australian llanThooh,” j}. 373, London, 1883. 
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Tarlk sirowiNo the Quantity anh Valve of Oom:n, OorpF.n Oke, a\d 
Keuulus, the Produce of the Colony, Kxi'outld viiom iSor rii Avstiulia 
DITTUNG the FOLLOWING Vf.ARS 




1 

Ori- au«l 

ID'gulus. ' 


Tutiil. 1 

Year. 

— 

— 

- .. . 

. 

- - - 1 

_ - 




Quautity. 

Value. 

Qtuiiility. j 

i 

Value. 

Qiiiintit.'i 

■ 

Vuh.e. 

1856 

Tons < 

wta. 

£ 

Tour 

£ 

Tons cwt.s 

£ 

2,219 

0 

248,460 

9,539 

159,205 

11,758 

0 

407,665 

1857 

2,844 

13 

290,739 

8,115 

144,245 

10,959 

13 

434,984 

1858 

2,389 

16 

250,042 

6,851 

109,040 

9,240 

16 

359,082 

1859 

2,837 

5 

289,841 

7,447 

107,399 

10,284 

5 

397,240 

1860 

3,271 

9 

331,775 

8,335 

101,007 

11,606 

9 

435,782 

1861 

3,052 

7 

294,572 

8,207 

152,874 

11,2.59 

7 

447,446 

1862 

4,293 

12 

400,591 

6,634 

143,781 

10,927 

12 

544,372 

1863 

4,802 

0 

477,944 

5,382 

84,917 

10,184 

0 

562,861 

1864 

6,702 

15 

637,791 

4,597 

40,605 

11,299 

15 

678,396 

1865 

5,009 

16 

433,795 

16,176 

184,677 

21,185 

16 

618,472 

1866 

6,463 

12 

584,509 

16,824 

225,683 

23,287 

12 

810,192 

1867 

7,843 

3 

627,384 

11,456 

113,969 

19,298 

3 

741,353 

1868 

5,211 

7 

400,691 

20,735 

207,732 

25,946 

7 

608,423 

1869 

4,639 

8 

371,566 

26,835 

250,259 

31,474 

8 

621,825 

1870 

5,471 

1 

394,919 

20,886 

178,861 

26,357 

1 

568,780 

1871 

6,395 

11 

518,080 

20,127 

119,903 

26,522 

11 

637,983 

1872 

7,452 

10 

680,714 , 

26,964 

122,020 

34,416 

10 

802,784 

1873 

7,087 

4 

635,131 1 

27,382 

133,371 

34,469 

4 

768,502 

1874 

6,629 

7 

557,306 

22,854 

136,530 

29,483 

7 

693,836 

1875 

6,841 

15 

578,065 

26,436 

175,301 

i 33,277 

15 

753,166 

1876 

5,463 

9 

427,403 

22,682 

164,597 i 

28,145 

9 

592,000 

1877 

5,143 

11 

396,602 

18,. 532 

165,408 

23,675 

11 

562,010 

1878 i 

3,594 

6 

252,206 

17,007 

155,381 

20,601 

6 

407, ,587 

1879 

3,368 

10 

217,186 

13,715 

134,202 

17, ('83 

10 

351.388 

1880 

3,255 

8 

233,374 

14,622 

112,773 

17.877 

8 

346,147 

1881 

3,824 

5 

263,370 

21,638 1 

154,926 

25,462 

5 

418,296 

Totals .. 

126,107 

0 1 

10,794,056 

i 409,977 

i 

3,776,466 

1 

536,084 

0 

14,570,522 


Lead. — The mines of argentiferous galena are for the most 
part situated in the southern portion of the colony near Cape 
Jervis. Among the most important are the Talisker, George, 
and Campbeirs Creek Mines. Lead ores have also been found 
near Kapiinda ; and several years ago galena was found in tlie 
hills twenty miles south-east of Adelaide. 

The following table shows the quantity and value of the lead 
and lead ore annually exported from South Australia during twenty- 
six years. A considerable proportion was the produce of the Huel 
Ellen Mine, near Strathalbyn, but w^e are witliout any detailed 
information relative to the mode of occurrence of lead ores in that 
district. 
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Table showing the Quantitv and Yalite of Lead and Lead Ore, the 
PUODIK'E OF THE COLONY, EXPORTED FROM SoUTH Al ^TRALIA FROM 185(5 


TO 1881 TNGLUSIVE.’ 






Year. 

LuikI. 

i 

Lt'iul Ore. 

Total. 

Quantity. 

Vali’c. 

Quantity. 

A'alue. 

Quantity. 

Value. 


Tuns cwts 

£ 

Tons 

cwts. 

£ 

Tons cwts. 

£ 

18.56 



83 

0 

377 

33 0 

377 

18.57 





1,422 

0 

23,855 

1,422 0 

23,855 

18.58 





853 

0 

14,200 

853 0 

14,200 

13,778 

1859 

63 1 

5,710 

262 

0 

8,068 

325 1 

1860 

91 4 

8,275 

68 

0 

2,480 

159 4 

10,755 

1861 

62 16 

4,426 

15 

0 

300 

77 16 

4,726 

1862 

21 6 

981 

97 

0 

2,260 

118 6 

3,241 

1863 

13 11 

625 

450 

0 

9,007 

463 11 

9,532 

1864 

8 3 

121 

566 

0 

13,107 

569 3 

13,228 

1865 

4 2 

138 

86 

0 

1,507 

90 2 

1,640 

1866 

67 11 

2,991 

648 

0 

11,318 

715 11 

14,309 

8,817 

1867 

169 11 

6,464 

212 

0 

3,353 

381 11 

1868 

152 9 I 

5,670 

76 

0 

1,245 

228 9 

6,915 

1869 

146 16 ; 

4,471 

24 

0 

296 

170 16 

4,767 

1870 

128 4 1 

4,089 

3 

0 

21 

131 4 

4,110 

1871 

109 1 J 

5,497 

— 


— 

169 1 

5,497 

1 1872 

— (' 

— 

61 

0 

2, .324 

61 0 

2,324 

1S7S ' 

14 j 

20 

— 


— 

14 

20 

1874 j 

! 

. — 

24 

0 

332 

1 24 0 

3,32 

is7f) ; 

~ j 

— 

132 

0 

6(> 

i 132 0 

66 

1 1876 i 

11 ! 

14 

17 

0 

215 

17 11 

229 

i 1877 j 

18 11 I 

295 i 

6 

0 

120 

2t 11 

415 

1878 

j 

j 





— 



1879 

3 0 j 

90 

— 


— : 

8 0 

90 

1880 


— 1 

— 



- 


1881 ! 

J 

— 

1 

90 

0 

1,182 : 

90 0 

1,182 

Totals, j 

1,115 11 

48,77*2 ' 

5,145 

0 1 

95,6.33 j 

6,260 11 

144,405 


Other Metals. — Stibnite occurs in South Australia, and from 
1805 to 1875 390 tons of bismuth ore, of the value of £14,700, 
were shipped from the colony. 

The annexed statement shows the amount and value of zinc 
exported during four years. 


Wet(;iit and Value of Zino exported fpom South A(^sTl;AT.rA during the 

FOLLOWING YeAUvS : — 


\Vei;Ait. Value. 

Yenr Tons rwts £ 

1878 . . . 39 11 937 

1879 ... . 43 12 1,401 

1880 34 10 1,091 

1881 9 0 200 

Totals . . 12^ 13 3,629 


^ From tlie values affixed it is evident that the lead and lead ores must have been 
argentiferous, and probably also contained gold. 
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Western Australia. 

Altliough small patches of more or less auriferous drift occur in 
various localities scattered over this portion of the Australian 
continent, gold has not as yet been anywhere discovered in paying 
quantities. Among other places it occurs at Peterwangy, in alluvial 
detritus, the bed-rock consisting of granulite intersected by trap 
dykes, and towards the lower ground overlain by beds of nodular 
ironstone, sandstone, and grit. The result of prospo(*ting in this 
place was the discovery of some minute specks of gold in (juartz 
enclosed in greenstone. Quartz veins, varying from the width of 
a sheet of paper to several feet in thickness, are found traversing 
the older rocks wherever they reach the surface, but do not extend 
into the more recent formations. The quartz enclosed in granite 
is usually more transparent than that of veins traversing sedimen- 
tary rocks, which frequently bears a close resemblance to the 
veinstone of the auriferous reefs of Victoria, and often contains 
considerable quantities of iron pyrites. The general strike of these 
veins varies from nortli and south to nortli-east and south-west, 
in which directions they may sometimes be iract^d for long 
distances. 

In the Champion Bay district both lead and copiier ores have 
been found in gneissic rocks associateil with granite, greenstones 
&c., and have, in some cases, been followed to dejiths from the 
surface exceeding fifty fitlioms. The general indications pointing 
to the presence of a lode are the occurrence of dykes of diorite or 
felsite, by winch the metamor]>hic rocks have bi^en fissuiod and 
faulted, accompanied by segregations ot (quartz ai d outcro])S of 
pulverulent gossans. It is only at certain points, liowcver, along 
the course of a lode that the veinstone reaches the siiHace, as a 
covering of soil frequently hides the rocks from view, and, generally 
speaking, lodes have not been prospected for, where no fragments 
of ore had been previously picked up on the surface. Accordmg 
to Mr. H. Y. L. Brown, whose report was published in 187:1, ten 
mines had, previous to that date, been opened in this district for 
copiJer and lead, but of these only two, the Geraldine and the 
Oakajee, were then in operation.^ 

The chief cause of the abandonment of many of thcfc mines 
was want of capital, and unskilful working. From a consideration, 

1 “ General Report on a Oeolofriral Kxj>loratioii of tLat perl ion of tie CV.loi y of 
Western Austi*alia lying southward of the Murchison River, and wcstwaiu ol 
Esperance Bay,” Perth, 1873. 
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however, of the numerous outcrops of ore at the surface, tjie 
number and size of the veins met with, and the amount of ore 
raised at very moderate depths, he is inclined to believe that this 
district affords an advantageous field for the judicious employment 
of capital. 

The following information with regard to tlie depth of the 
lowest workings and the (Quantity of ore raised, was all that Mr. 
Brown was enabled to gather from authentic sources : — 


■ 

Name of Mine. 

Deepest 

Ore in Tons, 

Date. 

Value at 

Lfvel. 

Lead. 

Copper. 

Swansea. 

Huel Fortune . . 
Geraldine . . . 
Tanganooka . . 

Gwalla 

Wanerenooka . . i 
Gelira 

Feet. 
300 
820 
108 
200 
180 1 
100 

2,475 

1,634 

985 

458 

901 

300 

1882 to 1868 

Nov. 1869 to Deo. 1870 

£ 

5,881 

16,573 


The total amount of lead ore exported from 1860 to 1865 was 
1,363 tons. The amount of copper ore exported during the same 
period was 4,500 tons. In the month of April 1881, seven lead 
mines were working in the Victoria district of Western Australia, 
the production for the year previous having been 1,430 tons of ore, 
valued at £10,57i There was also one copper mine in operation 
which, during the same year, yielded one ton of copper ore, valued 
at £15. 


Tasmania. 

• In addition to coal, anthracite, and iron ores, Tasmania produces 
gold, tin, and bismuth, besides which galena and copper ores have, 
in limited quantities, been found in various parts of the island. 
Coal and iron ores are especially abundant, a large deposit of the 
latter at Ilfracombe, eight miles from the River Tamar, being 
described as yielding a brown haematite of exceptionally good 
quality. The mineral resources of the colony were for many years 
somewhat neglected, but it is now divided into six mining dis- 
tricts and a Department of Mines has been established. Mining 
enterprise in Tasmania received a great impetus at the end of 
1872, by the discovery of extensive deposits of tin ore at Mount 
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BischofF, in the north-west portion of the island. Tin has since 
been found distributed over a considerable extent of country, near 
the north-east corner of Tasmania, and has now become one of its 
most important productions. 

Gold. — Gold is obtained both from recent alluviums and 
from quartz reefs; auriferous tertiary drifts, believed to be of 
Pliocene age, also occur, but hitherto they have not been very 
extensively worked, although batteries have been erected for the 
treatment of cement. The auriferous regions embrace the 
following localities — The Pieman River, the Hellyer Diggings in 
the bed and on the banks of the river of that name, Anderson s 
Creek, Beaconsfield, Lefroy, Back Creek Diggings, Leura, Piper’s 
River, Denison Diggings, Waterhouse, Mangana, and the Black 
Boy gold-fields. 

In 1881 the yield of gold from placer washings was 10,917 
oz., valued at £41,945, an average of £3 17s. lltZ. per oz. During 
the same period 38,043 tons of quartz were crushed, yielding 
45,776 oz. of gold, valued at £174,956, or £3 15s. 10|^^. per oz., 
making an average of 19 dwt. 13J gr. per ton of rock treated. 

Tin. — Mount BischofF, where discoveries of tin ore were first 
made, is situated in the north-western portion of the island, and is 
distant, by the present route, fifty-four miles from the port at which 
the ore is shipped. Its vicinity, generally, is covered with thick 
forests of myrtle, while the summit of the mountain, where the tin 
principally occurs, is so densely shrouded by an almost impenetra- 
ble jungle that even an approximate estimate of the area of the 
stanniferous ground becomes somewhat difficult. 

According to Mr. S. H. Wintle,^ Mount Bischofi* has an alti- 
tude of about 3,500 feet above the sea, and is but little more 
than 1,000 feet above the surrounding basaltic table-land, the 
ascent from the coast being somewhat gradual. The rock consists 
of an eruptive eurite-porpliyry, which forms a crescent-shaped 
ridge at the summit, of which the extremities are not more than 
a quarter of a mile apart, the intermediate space thus forming 
a horse-shoe-shaped basin-like depression. It is here that the 
richest deposits of tin ore occur. This basin looks towards the 
south, and presents a natural outlet to the surrounding table- 
land, while the northern and western slopes are exceedingly steep, 
forming, on an average, an angle of 35° with the horizon. The 
porphyry, which is the chief matrix of the tin ore, has burst 

^ ** Stanniferous Deposits of Tasmania,” Trans, Roy. Soc. of New South fValeSf 
yol. ix. 1875, p. 87. 
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through transition strata reposing on the slopes of the mountain, 
displacing, contorting, and folding them in a most fantastic manner. 
These strata chiefly consist of clay slate, sandstone, and other 
quartzose rocks, the former being frequently charged with iron 
pyrites and stannite. The tin ore (cassiterite) traverses the por- 
phyry in strings and lodes, the breaking up of which, subsequent to 
the decomposition and disintegration of the surrounding poiphyry, 
has probably been the cause of an accumulation of tinstone on 
the slopes of the mountain in the form of talus. The ore is not 
ec^ually distributed over the surface, but is generally found 
accumulated in patches of limited extent. In illustration of this 
fact it may be mentioned that on one section 240 tons of tin ore 
were taken from an area of wash-dirt only sixty-six feet square, 
while at a distance of twenty yards on either side of the cutting 
scarcely a trace of tinstone could be found. Some of the masses 
of ore taken from the dirt on this claim weighed as much as 
six cwts., and not a few of them were almost entirely free from 
matrix. It appears somewhat remarkable that only one w^ell- 
defined lode had, up to the beginning of 1875, been laid bare in 
tills district, although surface mining had then been in active 
operation for more than two years. 

Although the porphyry is the (diief source of the ore, there 
are also rich deposits consisting of tin ore and hydrated oxide 
of iron, in which a face has been opened up to a depth of 30 
feet. Ascending the slope of the basin in the direction of the 
top of the mountain, the tin ore, iron ore, and sand assume a 
cemented condition, and finally, at the summit, appear in cliff- 
like masses of conglomerate composed of a mixture of oxide of 
tin, iron oxide, and silica, sufficiently hard to require blasting. So 
rich in tinstone is this formation that blocks weighing several 
cwts. of nearly pure tin oxide may sometimes be broken from it. 
This deposit, which is known as the North Lode, can be traced 
for a distance of about half a mile. Small grains of native cojiper 
have been found associated with the ferruginous tin ore, while rich 
argentiferous galena and sulphides of antimony and zinc occur, in 
adjoining claims. The galena is accornjianied by a gangue of 
fluor spar and carbonate of iron, but the only veinstone associated 
with stibnite and blende is fluor spar. 

That Mount Bischoff* has been subjected to much dislocation 
is evident from an extensive line of fault running north and 
south, by which the wliole of the eastern side of the mountain has 
been depressed, thus producing a line of vertical cliffs in some 
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places more than 100 feet in height, which affords a fine section 
both of the intrusive porphyry and of the coiitorte<l sedimen- 
tary strata. It is said to rain at Mount Bischoff three days out 
of every four, the result being that all vegetation, as well as the 
numerous boulders on the surface of the ground, are thickly covered 
with moss. Tiie gradual decay of these mosses has produced a 
stratum of peat often five feet in thickness, wliicdi constitutes tho 
only stri Piling ” of the miner, as the tin ground lies immediately 
beneath it. 

Mount Ramsay, which is situated at a distance of about ten 
miles from Mount Bischoff*, attains an altitude of ovit 4,000 feet, 
and is essentially composed of a coars(^-grained schorlaceous granite 
which occasionally passes into a line-grained rock. Tliis granite 
rises in the form of three lofty peaks, and, unlike Mount Bischoff', 
the older Paheozoic strata are only to be seen mantling around its 
ba.se. The tin whiclj is here found does not occur in such largo 
(plan titles as at the last-named locality, but Mount Ramsay is well 
known for a large and rich vein of bismuth, which when first dis- 
covered was mistaken by the miners for tin in a native state. 

Tin ore also occurs at Wombat Hill, about midway betw(‘cn 
Mount Bischoff* and Mount Pwamsay, and at Mount Houstd.op. twenty 
miles from the north-west coast of the island, where, in both 
instances, it is found in granite. The cassiterite is sometimes 
associated with zircon and pleonastc. On the east coa.st a rich 
deposit (jf stream tin occurs near the source of a small river known 
as the Golden Fiooco, and the stanniferous district extends in a 
south-easterly directi(.)u as far as Falinoulli and tho Mount Nicholas 
Range. More recent discoveries show that a tin-bearing country 
exists for a great distance towards the north-west, as for instance at 
Boobyalla, Mount Cameron, Mount Horror, and in the Ringarooma 
district or Gould’s new country. In 1870 the value of tin ore and 
ingots exported from Tasmania was £100,000; in 1877 it was 
£296,941; in 1878, £316, 311 ; in 1880, £341,736, and in 1881, 
£375,775.1 

Other Metals. — A lode of bismuth, then stated to he one of 
the richest in the world, was discovered some years since at Mount 
Ramsay, and another containing stibnite was met with in the 
Waratah Company's claim. Argentiferous galena lias been found 
at the Penguin, and also in the neighbourhood of Mounts R(jland 
and Claude, while copper ore occurs near Campbelltown. About 
1,500 tons of ironstone were raised during the year 1881. 

^ “ The AiistraliaiJ HaTidhook,*' p. 503, Jjondon, 1883, 
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New Zealand. 

A considerable proportion of tlie population of New Zealand is 
occupied in gold mining, which, during the last twenty years, has 
been one of the most important industries of the colony. Ores of 
various other metals, such as copper, silver, lead, and mercury, 
although known to occur in various localities, have not hitherto 
been extensively worked. 

Gold. — ^According to a memoir by Dr. A. Soetbeer^ about 
1,000 oz. of gold were obtained at Cape Coromandel, upon the 
eastern side of the North Island, in 1852, after which the workings 
were virtually abandoned. Four years subsequently gold mining 
was commenced in the province of Otago, in the South Island, and 
in 1861 a large increase in the gold production took place conse- 
quent on the discovery of rich deposits in the Tuapeka Eiver, and 
at the Thames gold-fields. The North Island, although containing 
a large number of known quartz reefs, has produced less gold than 
the South Island, which is much richer in alluvial deposits. Its 
most important districts stretch on the western slope of the 
mountains, from Otago on the south, through the Westland gold- 
fields to those of North-west Nelson on the north. 

The auriferous drifts of New Zealand occur in three distinct 
forms : — Firstly, as modern alluvium in the beds of streams and 
rivers; secondly, as more ancient deposits often occupying the 
sides of valleys ; thirdly, as sands upon the seashore, where, by 
the constant action of the waves, a process of continuous con- 
centration is in progi '^ss. The deposits belonging to the first class 
are of the ordinary kind, and exhibit no peculiarities to render a 
special description necessary. Deposits of the second class are some- 
times of great thickness, many of them being regarded as belonging 
to the lowest Tertiary deposits of the colony. They are frequently so 
consolidated as to form a compact cement, and are then stamped 
and treated in the same way as gold quartz. When not so cemented 
they are often worked by the Californian process of hydraulic 
mining, for which facilities are afforded by the Government, which 
has, in some cases, brought in the necessary water, which is 
supplied to the miners at a fixed charge. 

Some remarkable deposits of auriferous cements are worked at 
the Blue Spur, in the Otago district. The Blue Spur cements are 
enclosed in a trough, or more correctly, a basin, since, in addition 

1 Edelmetall-ProduktioTi und Werthverhaltniss zwischen Gold und Silber,” 
publislied as an extra number of PetermaniiCs Mitthcilungen^ 1879, 
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to tlio bed-rock on wbicli they rest as in a trough, the schists to 
the north-west and south-east rise in the form of hills which have 
a greater elevation than is at present assumed by the cements 
themselves. The bed-rock on the north-east side of the basin is 
very steep, while on the opposite one it is more shelving ; the total 
thickness of the cements is regarded by the officers of the Geological 
Survey as being at least 300 feet. 

An enormous quantity of this Spur has been worked away, so 
that what remains has been cut into deep gutters, and where 
sluicing or other claims have been for a long time in operation 
large masses of the hill have been removed. The Spur, therefore, 
which must formerly have possessed a configuration similar to that 
of the surrounding country, now presents a' series of lofty pinnacles 
and steep canons, bearing testimony to the large amount of work 
which has been done.^ As a rule the rivers of New Zealand 
have extensively eroded their beds since the formation of the 
older alluvium, so that the deep leads, which often in other 
countries can only be reached with great trouble and expense, are 
here exposed in the declivities of valleys. No deep leads appear to 
be worked under a capping of basalt, as is the case in Australia 
and California, and the extension of the gold districts among the 
more recent volcanic rocks appears to be comparatively small. 

The auriferous sands on the seashore, forming the third class 
of deposit, lire worked by persons known as ** beach combers,” who 
wash them by the aid of fresh water brouglit through a canvas 
hose-pipe, upon movable sluices, called “ beach boxes,” one end of 
which is mounted on wheels for convenience of transport. Beaches 
are often unworkable for months together, since gold in remunera- 
tive quantities is only found upon them after the occurrence of 
higli winds and heavy seas. 

According to Ulrich the rocks in which auriferous reefs occur, 
or in which gold has been found in its natural matrix, in the 
province of Otago, excepting in the neighbourhood of Portobello, 
consist throughout eitlier of argillaceous mica schists or of phyllite, 
changing towards the west into true mica schist with subordinate 
bands of chloritic schist or chloritic mica schist.^ In most cases both 
the phyllite and mica schist, which are probably of Silurian age, but 
more especially the latter, are rich in interlaminations of quartz, 
which are sometimes less than one-fourth of an inch in thickness, 

1 JReports of Geological E,rploraMons during 1878-79, p. 49, Wellington, 1879. 

2 F. W. Hutton and G. H. F. Ulrich, “ Report on the Geology and Gold Fields 
of Otago,” j). 156, Dunedin, 1875. 
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but occasionally attain a width of three or more feet. Those 
generally lenticular masses, which have no r(‘gularity or per- 
sistence either in strike or in dip, frecpicutly contain gold, and 
there can be no doubt that ttie gold in the drifts of the province is 
in some measure due to their denudation and disintegration. 

Some of the reefs are, however, true lodes, with well-defined 
walls having clay selvages, and crossing the country rock both in 
strike and dij). Others are composed of a mixture of quartz and 
mullock, and are known as “ quartz mullock reefs ” ; these are 
usually so soft that they can he worked without the aid of gun- 
powder, and the quartz, which does not appear to form a large 
percentage of the mass, occurs only in the shape of coarse sand 
and small and slightly rounded fragments. Whether the quartz 
originally formed interlaminations in the mullock, or occurred in 
veins is uncertain, but Mr. Ulrich considers that a kind of 
banded structure which is observable on the line of dip is in 
favour of the latter hypothesis. The reefs of Arrow and Skipper s 
Creeks are true lodes, some of which are twenty feet in thickness, 
cutting through the country both in strike and dip, and showing 
more or less distinct walls with clay casings. In point of com- 
position and structure they, however, apj)roach far more nearly to 
mullock reefs than to quartz reefs ; the}^ in fact represent fissures 
partly filled with tUhris from the country rock, mixed with inter- 
laminated quartz, of which there are veins and branches of varying 
dimensions. '‘Layer lodes” follow the strike and dip of the coun- 
try rock, having throughout for their foot wall one and the same 
l)ed, while the Ijanging wall is generally irregular, and frequently 
traversed by vein^, and biunches of quartz. On account of this 
mode of relation to the country rock they are subject to all its 
changes of strike and dip, and, when these are great, they are liable 
to frequent changes in thickness, and are regarded as being the least 
promising form of reef. 

The so-called Peninsula Quartz Reefs at Portohello are not in 
reality quartz reefs at all, but merely impregnations of finely divided 
gold enclosed in siliceous segre^gations in tracliytic rocks. This 
occurrence of gold in a tracliytic matiix is however not without its 
alliances, since the greyish-white trachyte of Portohello bears a 
certain resemblance to the gold-bearing tracliytic tufa of the 
Thames gold-field in the North Island ; although in the latter 
locality the gold is found in distinct veins and hunches of genuine 
quartz, and does not occur disseminated through the mass of the 
rock as in the other case. The rock in which the “ quartz reefs ” 
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of the Thames gold-field are found is a massive formation of 
titfa passing on the one hand into a compact trachyte, and 
on the other into a coarse brecciated rock, consisting of angular 
fragments embedded in a tufaceous cement. The age of”' this 
formation is somewhat uncertain, but at Tapu Creek it rests upon 
black slate, and at Coromandel it is overlain by brown coal, which is 
again overlain, unconformably, by a recent volcanic formation re- 
lerred to the Eocene period. It is therefore probable that the 
tufas in which the auriferous reefs are found, belong to some 
part of the Cretaceous period. 

From some cause, not yet ascertained, this tufaceous formation 
has become decomposed in a very irregular manner, and to great 
depths ; the undecomposed rock forming bard ridges separated 
from one another by belts of softened material extending to many 
hundred feet below the sea level. In these latter bands alone pro- 
ductive quartz veins have been found, and, so far as is at present 
known, they either pinch out or become unremunerative on enter- 
ing the undecomposed rock.^ Some of the reefs in this gold-field 
have been worked to a depth of above 100 fathoms below sea level. 
The following table, from official sources, shows the weight and 
value of the gold exported from New Zealand from the beginning 
of 1857 to the end of the year 1882. 


Table RnovviN=a the WEionT and Value oe Gold, the PiioDunE nr the 
Colony, exported from New Zealand dukind the fdllowinu Yearh. 


Ye.ir. 


V.jIuc. 

Yfiir. 


\ nh;o. 


Oz. 

! & 


Oz. 


1857 

10,436 

i 40,442 

1870 

544,880 

2,157,685 

1858 

13,533 

i 52,143 1 

1871 

730,029 

2,787,520 

1859 

7,336 

1 28,427 ' 

1872 

445,370 

1,730,992 

1800 

4,538 

1 17,585 

1873 

505,337 

1,987,425 

1861 

194,234 

, 7^)2, 6 57 

: 1874 

376,388 

1,505,331 

1862 

410,862 

1 1,591,389 

1 1875 

35.5,322 

1,107,770 

1863 

628,450 

2,431,723 

1 1876 

318,367 

1,268,559 

1864 

480,171 

1,857,847 ' 

! 1877 

371,685 

1,496,080 

1865 

574,574 

* 2,226,474 

! 1878 

310,486 

1,240,079 

1866 

735,376 

1 2,844,517 ■' 

1879 

284,100 

1,134,641 

1867 

686,753 

i 2,700,275 , 

1880 j 

303,215 

1,220,263 

1868 

637,474 

! 2,504,326 ' 

1 1881 i 

270,561 

1,080.790 

1869 

614,281 

1 2,362,995 j 

1882 

293,229 

1,170,520 



Totals 


i 

j 10,106,987 

39,598,6.55 

1 


reports of Geolofjicdl Exploratioiis during 1878-79, p. 22, Wellington, 1879. 
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In the year 1 881 , the quartz crushed in New Zealand amounted 
to 65,712 tons, yielding 84,792 oz. of gold, or 1 oz. 5 dvvt. 19 gr. 
per ton. 

Other Metals. — Copper mining was for some years conducted 
on a somewhat extensive scale at Kawau and Great Barrier Islands, 
but although a considerable amount of copper ore was obtained 
the mines were not financially successful. A small quantity of 
copper ore has more recently been raised from a vein on D^Urville 
Island, but the workings are by no means extensive, and the yield 
of copper ore has hitherto been but small. 

Silver ores and argentiferous lead ores are sometimes met 
with in the gold-bearing reefs of Coromandel and the Thames, but 
no distinct lode of either of these minerals has yet been discovered. 
Specimens of cassiterite have from time to time been found in 
the Thames gold-fields. 

In the Westland District, South Island, eight miles from 
Grey mouth, in the hills north of the Grey River, where there were 
formerly extensive sluice diggings, is a quartz reef which never 
until somewhat recently attracted much attention. In 1878, 
however, some blocks of stibnitc found in the alluvium were 
discovered to contain a considerable proportion of gold. This 
lode, which is known as “ Langdon s Reef,'’ is about 600 feet 
above the river, and a]>pcars as a solid ledge of wliite quartz 
from thrc'e to eleven feet in thickness, encased in compact slate. 
The cpiartz of this lode contains traces of antimony, and 
specimens taken from ])ortions of the vein traversed by blue 
strings of stibnite yielded gold at the rate of 84 oz. per ton. 
Following up the same creek, at an altitude of 400 feet above 
Langdon’s Reef, the lode from which the auriferous stibnite was 
originally derived has been discovered. It has a total width of 
nine feet, and is divided into five distinct bands, three of which 
consist of a mixture of quartz and stibnite, one, two feet in width, 
mainly consists of compact stibnite, while the fifth is composed of 
about one foot eight inches of brecciated slate. Specimens from 
this lode forwarded to Dr. Hector for assay yielded gold 84 oz. and 
silver 36 oz. per ton, but the highest results obtained from 
specimens collected by Dr. Hector himself yielded gold at the 
rate of only 36 oz. per ton.^ Cinnabar has been found in small 
quantities at Waipori, and iron ores in the form of limonite and 
black iron sands occur in various localities. 


^ Reports of Geological £xplo7'afi07i~f, 1 878-79, p. 19. 
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New Caledonia. 

It was at one time supposed tliat tlie mineral wealtli of New 
Caledonia would rival that of Australia and New Zealand, hut 
hitherto these hopes have heen to a large extent disappointed. 
Gold and co])per veins are known to traverse the primitive rocks 
of the north part of the islaiul, and the serpentines contain ores 
of iron, chromium, &c. In the year LSthS a few grains of gold 
were found in the alluvium of the Houehiahomme Valley, and in 
1870 workings upon an auriferous (piartz vein were commenced, 
at a place afterwards named Fern Jlill, hy English miners, by 
whom the claim was taken u}). By tiie month of September, 
1873, a mill had l)een erected, and 1,200 tonnes of (piartz had 
been crushed ; this yielded 4, 003 oz. of gold ; but, by tins end of 
the same year, a mass of ])yrites from whitli they failed to extract 
any gold had been reached, and the miiu' was shortly afterwards 
abandoned. Since that pcu’iod litth^ or no a-ttention ajjjiears to have 
been devoted to gold mining, although it would ajiptiar improbable 
that this should be the only instance ol‘ tln^ occurnmee of aurif(,*rous 
cpiartz in the island.^ 

The most important ores furnished by New (kdedonia appear 
to be thos(^ of nickel, for, ahhough W(‘ ar(‘ without any authoritative 
data relative to their annual production, this industry j)()ssesses 
considerable t(‘elinieal int(!rest, fiom being f()und(3(l u])on a new 
ore which is, at least in part, tn^ated hy a- mnv pioc^ess. 

This mineral, which is a silicate of magnesium containing 
nickel, was discovered by ^l. Jides Gamier, and has received thc^ 
name of garnierite. 

The method of (extracting nickd from the ordinary or(‘S (»f that 
metal consists in concentrating it as a ivgulus or spdss, dissolving- 
in acid, precipitating the nickel in tine form of oxidie, and reducing 
the precij)itate witli carlionaceous substances. As garnieriUe con- 
tains neitlier suljihur nor arsenic, it becomes necessary to add 
one of these substances to the ore in sullicient (piantity to tak(i 
up the nickel, and this method of treatment is, under ccutaiu 
circumstances, recommended by M. Gamier. As, howev(.‘r, the 
sulphur and arsenic thus added have to he again separated from 
the nickel, a new process has been invented.'^ This consists in 

^ ^lInile Heurteau, “ Les lUcjhesses MinifTales de la Nonvelle-Cuhkloine,” Ann^ 
des Muiefi, vol. ix., 1876, \h C07. 

J. D, Hague, “ Mining Industries,” p. 191, Washington, 1880. 
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smelting the silicate of nickel with iron ores in a blast furnace, with 
a cold blast, and at a low pressure. Under these conditions, and with 
a properly constituted mixture, only a portion of the iron is reduced, 
while the remainder passes into the slags, unaccompanied by nickel, 
and adds to their fusibility. In this way is produced a carbide of 
the two metals known as ferro-nickel, from which the nickel may 
be separated by a humid process. 


AFRICA. 

The precious metals do not appear to be very generally 
distributed throughout Africa, and, so far as is at present known, 
the mineral productions of that continent are neither abundant nor 
varied. Until, however, the discovery of gold in California and 
Australia, the gold-fields of the Kong Mountains in Guinea were 
considered to be among the most important. Of all metals, gold is, 
perhaps, the most generally distributed in Africa. The gold-fields 
of the Transvaal are numerous, but the yield hitherto obtained 
from them does not appear to have been sufficiently large to 
compensate for the difficulties of working and transport. Dr. 
Soetbeer estimates the amount of gold produced in the whole of 
Africa during the year 1875 at 96,450 oz. troy. 

Copper is known to exist in large quantities in the mountains 
of some of the native kingdoms of (Jentral South Africa, and one of 
the objects of Dr. Livingstone’s last journey was to visit the 
celebrated copper district of Katongo, south-west of Lake 
Tanganyika. At the Cape of Good Hope there are some 
valuable copper mines, while at Bembi, near Ambriz, a thick 
malachite vein was formerly worked by the negroes, and afterwards 
leased to an English company by the Portuguese Government. 
Abyssinia is supposed to be rich in copper ores, and iron ores occur 
in many parts of Inter-tropical Africa. On the banks of the 
Senegal, and in various other districts, the natives smelt iron, the 
ore used being a rich ferruginous sandstone of modern formation. 
Morocco contains ores of various metals, and Algeria deserves 
s})ecial notice, as some of its mines are both extensively and 
systematically worked. 



PART II.] 


ALGERIA. 


r)i5 


ALGEKIA. 

The most important ores of Algeria are those of iron, which 
occur in the form of magnetite, red and brown haematite and 
siderite. Argentiferous galena, copper ores containing lead and silver, 
ores of antimony and mercury, as well as calamine and blende, 
occur in this part of Africa. Manganese, nickel, cobalt, and arsenic 
are likewise occ'asional ly found, but always in association with ores 
of other metals. 

Iron. — In the department of Constantine, Ihe Mokta-el-Haddid 
Company works the mines of Khaiezas, Bou-iramia, and Ain- 
Morkha, the last of which is connected with thcj ]>ort of Bone 
by a railway about twenty miles in length. Tins mine, which is 
more commonly known by ihe name of Mokta-c.'hlladdid, is an 
irregularly stratified deposit, iuclud(Ml iu mica schist, which 
originally formed a cliff 400 feet in lieight, ex]>ose(l upon a bend in 
the outcrop where the iron ore is unusually massive. This 
deposit has been extensively worked as an 0 })(m (juarry by a 
succession of terraces each sixteen feet in height, of which nineteim 
were required to reach the top (»f the or(j ground. The bed dips 
at an angle of about 30°, and its greatest thi(;kiu‘,ss, measured 
horizon hilly, is somewliat more than 100 f(‘et; but it gradually be- 
comes flatter and diminishes in siz(i until it is woikcd under- 
ground, wliere its thickness does not exceed tvventy-cdght feet. A 
second bed, thirtiMUi feet in thickness, betw'con the schistose roof of 
the main deposit and an overlying bod of limestone, has been dis- 
covered by boring. The ore is generally a blueish or blackish 
mixture of very dense haematite and magnetite, (Huitainiug from 5(S 
to 66 per cent, of metallic iron ; a portion of it is, however, soft and 
brownish-red in colour, and can be readily worked without the aid 
of gunpowder. 

In the department of Alger, spathic iron ores, and hiBmatit(\s 
resulting from their decomposition ami jjeroxidation, are found 
in veins enclosed in Cretaceous rocks. These are for the most part 
associated with ores of copper and lead, which are, sometimes, the 
prevailing minerals. 

Another class of deposits, occasionally of considerabhj im])ortance, 
occurs in the department of Oran. These consist of hajmatites, 
associated with limestones, probably of Liassic age, and the ores, 
which vary considerably in' composition, arc often manganiferous, 
and in most cases moderately hard. Masses of totally unchanged 

L L 2 
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liinostoue are sometimes found included in these ore bodies, wlmse 
origin M. Pouyarme attributes to tlie action of mineral waters.^ 
Another class of deposits occurs in strata of Miocene age, and is 
considered to liave been derived from the waste of Jurassic ores. 
The most important mines arc those of Cameratn, Soiimah, and 
Beni~saf; the latter of which is situated about sixty miles west of 
Oran, and yields a soft calcareous liamatite not unlike that of 
Bilbao. 

The mines of Ain-Morkha, worked by the Mokta-el-Haddid 
Coni])any, annually produce about 400,000 tonnes of iron ore, 
and from 1867 to 1877 yielded 3,17G,500 tonnes of the value of 
thirty-five millions of francs, or about £1,400,000. The produc- 
tion of iron ores in Algeria during the year 1880 amounted to 

614.000 tonnes. 

0th EH Metals.'-^ — In the de])artmcnt of Constantine, in 1876, 
the lead mines of Kef-Oum-Theboul, near La Calle, yielded 

12.000 tonnes of galena, containing about 38 ])er cent, of lead and 
affording work lead yielding 36 oz. of silver per ton. In addition 
to argentiferous galena this mine produces both copper ore and 
blende, while the mines of Cape Cavallo in the same department 
yield argentifinous lead and eop 2 )er ores. 

In the department of Alger some exploratifms for blende and 
galena are being earned on, and in tlio d(‘])artment of Oran tlie 
mine of Gar-llouban pr(.)duces small quantities of argentiferous 
galena. 

The copj)er mine of Ai’n-Barbar in the department of Con- 
stantine, eleven miles north-west of Bone, is wa)rked upon several 
veins producing oxides and sulphides of co[)j)er, yielding from 8 
to 1 5 per cent, of that metal, together with copper pyrites and 
blende. 

Various mines have from time to time been to some extent 
w^orked near Caj)e Teii6s, in the department of Alger, and 
have yielded limited amounts of cojiper and lead ores, but at the 
present time none of them ap 2 )ear to bo in active operation. 

The once celebrated copper mine of Mouza'ia, in the same 
department, wliich at one time was su])pose(l to contain almost 
fabulous riches, and was the subject of much wild speculation, 
yielded antimouial grey copijer ores oidy. In this locality there 

1 “Note sur la Region ferrifere des OuoHiassa,”^?m. r/rs toL ix. 1876 . 

p. 90. 

“ Ij. Ville, “Situation do 1’ Industrie miuiere des dt^arteiiieiits d’Alger, d’Oran 
et -le Ooiistaiitiue," Algiers, 1874. 
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ara several veins composed of spatlioso iron ore nrul hon\ y sp«nr, 
containing disseminated antimonial grey copper ore, and traviTsing 
a soft marly country rock. When first discovered, tlio surrounding 
marly rocks of Cretaceous age had been to such an extent acted 
upon and removed by rain and other meteoric infinoncos, that the 
outcrops of the veins stood from 12 to 15 feet above the surface 
of the adjoining ground, and could be thus traced as distinct 
parallel walls over a very considerable distance. 

This mine, the working of wliich has been undertaken succes- 
sively by various companies, was finally abandoned in 1865, on 
account of the difiiculties experienced in tlie metallurgical 
treatment of its ores. 

The mines of Oued-Merdja are situated on tlio riglit bank of 
a stream of that name, near the point ol‘ its confiu(*nc(' with the 
Oued-Ciiiffa, about seven miles south-east of Blidah. The con- 
cession contains several nearly paralkd veins containing cop})er 
pyrites, hut of tlies{) one only, namely, tliat nearest the point of 
meeting of the two streams, has been to any exhmt exi^lored. 
The veinstone associated with yellow copper ore is princi})all 3 ’’ 
.ankerite, a triple carl)onatc of calcium, magnesium, and iron. Jn 
the year 1866 a powerful steam ]minping-engine was (Tected at 
this mine, as well as furnaces for the conversion of the jkoorer 
ores into ri'gulus. 

In tlic vicinity of Blidah, in the valley of the Oued-Kehir, is 
situated the mine hearing tlie latter name. This concession may 
almost he regarded as an extension of that of Ou(jd-M(‘r(lja, and is 
traversed by nearly similar lodes, towards tlio development 
of which hut little has hitherto been accomplisluid. 

Zinc ores are raiscsl in the de])artm(‘nt of Constantine at the 
mine of Hamrnam-Nba'd, belonging to the Vit'ille Montague 
Company, at that of Ai’ri-Arko, and at the lead and zinc mine of 
Oued Maziz in the department of Oran. 

The antimony mines of El-Hamimat are situated .at a distance 
of forty-three miles from Constantine, .and consist of a vein con- 
taining oxide of antimoTi}^ at Semsa, and an irregular deposit of 
stibnite at Djebel Hamimat. These mines, which on account of 
local disturbances remained for some time uiiworked, have been 
re-opened. 

The only known deposits of cinnabar in Algeria occur in tlie 
department of Constantine in tbe districts of Guelma and 
Jemmapes ; but the only mine actu.ally at work is that of Ras-cl- 
Ma, fifteen miles south-east of Philippcville. 
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The production of metalliferous minerals, other tlian ores^ of 
iron, during the year 1880 was as follows : — 


Pkoditction in Algeria of Metalliferofs Minerals other than Iron Ores 

HL’UING THE YeAU 1860. 


Description of Ore. 

Quantities. 

Values. 


Tonnes. 

Francs. 

£ 

Lead and Silver ore . . 

4, (Kid 

512,655 

20,506 

Copper ore 

9, .’574 » 

714, 3(19 

28, .572 

Zinc ore 

ii7() 

42,61.5 

1,704 

Antimony ore .... 

.567 

2-26,8110 

9,072 

Mercury ore 

1 200 

10,000 

400 

Totals .... 

ir>,ti8S 

1,500,379 

60,254 


CAPE OF GOOD HOPE. 


During the last thirty years large quantities of copper ore have 
been obtained from Nainaqualand, Ca])o of Good Ho])e, where it 
appears to occur in somewhat irregular dejiosits, intcmstratified wuth 
gneiss. The following amounts of ore, containing on an average 
20 J* per cent, of cojiper, have been obtained from these mines 
since they were first opened in 1853.*^ 

Tons. 


Raised from 1852 to end of ]8G2from Springbok, 

S])e(*ktakel and Ookiept^ mines 1 8,999 

Raised by tlie Cape'j Ookiejie 164,025 

Copper Co. from Specktakel 14,765 

1862 to end oft Trial Minos 1,057 

1882, 20 years. ^ 

Total . . 198,846 


All these deposits are enclosed in gneiss, of wliicli they appear 
to follow the strike and dij). That of Ookiepe, which has been the 
most productive, lias been worked for a length of 175 fathoms, and 
to a depth of 105 fathoms. It, together with tlie cmclosing rocks, 
is crossed by a slide, hy which it has suffered a throw of 40 
fathoms. Wlierever it has been cut tlirougli in depth a bed of 
quartzite has been found immediately beneath it. 

The value of the cojipcr ores produced in Namaqualand during 
the year 1882 amounted to £331,546. 

^ Minorais complexes, equivalent to the blui stone of Anglesea, are returned in 
this table as copper ores. 

® Statement furnished by Mr. R. Taylor. 



PART II.] 


UNFIED STATES. 


519 


NORTH AMERICA. 

THE UNITED STATES. 

Mr. R. W. Raymond, 1 in a paper on tlie mining districts of tlie 
United States, recalls the fact that W. P. Blake, in a note to Ids 
Catalogue of California Minerals^ iirst ])ointed out that the mining 
districts of the Pacific slope are arranged in j^arallel zones, following 
the prevailing direction of the mountain ranges. More recently 
Clarence King has summarised tliest' ]>henomena nearly as follows : 
The Pacific coast ranges carry, on the west, quicksilviir, tin, and 
chrome iron ores. The next belt is that of tlie Sierra Nevada, 
and of the Cascade Mountains of Oregon, winch, upon their western 
slope, carry two distinct zones, a foot-hill chain of copper mines, 
and a middle line of gold deposits, which extend into Alaska. 
Lying to the east of this zone, along the eastern base of the Sierras, 
and stretching southward into Mexico, is a chain of silver mines 
which are fre(picntly included in volcanic^ rocks. Throiigli 
Central Mexico, Arizona, (Central Nevada, aral Middle Llaho there 
is another line of silver mines, which more ofteti occair in the older 
rocks. Through New Mexico, Utah, and W(‘storn Montana lies 
another zone of argentiferous galena lodes, and again to the east 
the New Mexico, Colorado, Wyoming and Montana gold-belt 
forms a well-defined and continuous chain of doj>osits. Raymond 
agrees that this parallelism exists, although in a somewhat 
irregular way, and that it is chiefly referable, as Blake and 
King have shown, to the structural features of the country. East 
of the Rocky Mountains there is but one longitudinal range, 
namely, that of the Alleghanies, which is accompanied by a 
gold-bearing zone of irregular extent and value. 


Gold and Silver. 

The gold-fields of the United States of America may be divided 
into three distinct groups, namely : — the Pacific division, the 
division of the Rocky Mountains, and the Eastern division. As 
however the first two of these groups sometimes yield both gold 
and silver from the same deposits, it will be more convenient to 

^ Trans. Amer. Inst. Mining Engine-erSt vol. i. 1873, p. 33. 
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include the two precious metals under one heading than to tr^at 
of them separately. 

Pacific Division. — The Pacific division comprehends Cali- 
fornia, Nevada, Utah, Arizona, Idaho, Oregon, Washington, and 
Alaska, and, although by far the most productive of the gold 
regions of the United States, it is by no means the oldest of them, 
gold having been first discovered in large quantities in California 
only in the year 1848. This State still continues to yield the 
largest amount of gold of any of the States or Territories of 
the Pacific division, but its production of silver is comi)aratively 
small. 

The principal gold-bearing belt of California^ extends along 
the lower slo})es of the Sierra Nevada for a distance of more 
than 700 miles, and varies in width from twenty to sixty miles. 
The central mass of the Sierra consists of granite, which is flanked 
by clay slates, mica schists, chloritic schists, talc schists, and 
hornblenclic schists, sometimes associated with quartzites and lime- 
stones. The strike of the sedimentary rocks constituting the 
aTiriferous belt is nearly north and south, and the enclosed veins 
of gold-bearing quartz course in a direction nearly parallel to its 
longitudinal axis. 

The first statement relative to the age of these rocks wa,s 
made by J. D. Whitney in 1864, and it now appears to be a 
well-established fact that a large ])ortion of the auriferous rocks 
of California consists of metamorphosed Triassic and J urassic strata, 
while nothing older than Carboniferous has been found in the 
gold-bearing region. The only fossils older than Triassic which 
have been discovered to the west of the crest of the Sierra Nevada 
are those of the limestone belt, of which by far the most fossil iferous 
locality is at Bass's Ranch, in Shasta County. The fossils, which 
here occur in great abundance, are of undoubted Carboniferous age. 

In the southern portion of the State there are several gold- 
fields of subordinate extent, many of which may be regarded as 
practically exhausted, and which are now chiefly interesting as 
having furnished the earliest evidence of the existence of gold in 
California. Some of these southern placers are said to have been 
known to the Spanish missionaries long previous to the date 

1 J. D. Whitney, “ The Auriferous Gravels of the Sierra Nevada of California,” 
Memoirs of the Mitsmm of Comparaiive Zoology at Harvard College^ vol. vi., 
Cambridge, 1880. “ Geological Survey of California,” vol. i. 1865, p. 527. B, 

Silliinan, “ Report on the Deep Placers of the South and Middle Yuba,” San 
Francisco, 1864. Clarence King, “ Production of the Precious Metals,” Report 
of the Secretary of the Interior ^ vol. iii. p. 335, Washington, 1882. 
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generally assigned to the first discovery of gold, hut they, for 
prudential reasons, prevented as far as possible the s])road of 
rumours respecting the existence of gold in the vicinity of their 
mission lands. 

The original source of the gold of Califoi nia is undoubtedly the 
veins of gold-bearing (juartz which occur abundantly in the slates 
and other metamorphic rocks of the western slope of the Sierra. 
Historically, however, these veins of auriferous (piartz are secondary 
to the shallow and deep jdacer diggings, in the former of which the 
first gold found in tlic State was discovered, and which for some 
years furnished nearly the whole of the gold ])roduccd in the 
country. There can be but little doubt that the gold in the 
auriferous gravels was originally derived from the degj-adation of 
veins of gold-bearing quartz, and the distribution of the detritus 
thus produced by the mechanical agency of watcT. It has 
also been conclusively proved that the gold-bearing gravels of 
California belong to two (listin(‘t periods, both of which are 
comparatively modern; those of the laU^ period Ix'ing distinctly 
separated in time from those of the earlier, from the breaking-np 
and ]'{?-distribution of the materials of which the later gravels 
chiefly derive their origin. 

The sources from which ( yahfornia.n gold has been (hTived are 
consequently the following: — 

Jst. The distribution of placer gold by the present river system, 
giving rise to shallow diggings. 

2iid. Tlje distribution of ])la(^cr gold hy an aaicient river system 
in beds of sand, gravel, and jjebbles, known jis deep diggings. 

3rd. Gold-bearing (piartz veins enchjsed in metamorphic rocks. 

The attention of the first miners was (exclusively directed to 
the sljallow placers, in which the gold lay near the surface, and 
within the reach of those wliose whole capital consisted of ordinary 
mining tools. Here their labour was often abundantly remu- 
nerated, while the skill necessary was comparatively limited. 
In proportion as these surfaccj deposits became impovcrislied and 
gradually exhausted, appliances were, by degrees, introduced 
for sluicing and collecting gold, requiring the employment of 
an increased amount of skill and a somewhat larger capital. 
Finally, it was discovered that extensive auriferous deposits were 
to be found at levels far above the course of the present streams, 
and an entirely new method of working became necessary. In 
order to meet these new conditions the system now known as the 
hydraulic process was invented, and deep diggings were inaugurated. 
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The gravels and cements of the deep diggings of Califomja 
so closely resemble the deej> leads of Australia, both in composition 
and in geological age, as scarcely to require a detailed descrip- 
tion. As, however, the conditions in the two countries are not 
absolutely identical, a short abstract of Professor B. Silliman’s 
description of the deep placers on the Yuba River may not be 
without interest. 

In this locality the auriferous gravels have frequently, where 
they have been exposed to denudation, a thickness of 120 feet, and 
of more than 250 feet where they have been protected by a 
volcanic capping. These immense deposits consist of rounded 
fragments of quartz, diorite, syenite, and of all the metamorphic 
rocks found above them in the Sierra. They often enclose iron 
pyrites, and arc frequently so cemented together as to form a hard 
conglomerate. In some instances these auriferous deposits have 
been found in the immediate vicinity of gold-bearing quartz veins, 
and have therefore, in such cases, been formed in sUn, They are 
often locally stratified, but there is usually no continuity in the 
bedding. Generally sjieaking the lower portions consist of larger 
boulders than the u])])er, but this docs not exclude the appearance 
of large rounded masses of rock in the middle and upper members 
of the series. 

When a fresh section of one of these dei)osits is exposed, 
such as may be seen in hydraulic claims in acitive operation, a 
marked difference will be observed between the colour of the upper 
and lower portions of the mass. This is chiefiy caused by the 
oxidation of iron pyrites through the action of surface water, thus 
staining the gravels red or brown in undulating lines contrasting 
strongly with the blue colour of the unoxidized detritus. The blue 
coloured portions of these gravels are highly impregnated with iron 
pyrites, which forms one of the chief cementing materials by which 
they are hold together. Isolated patches of fine sand, frequently ex- 
hibiting indications of false bedding, are often observed in the upper 
portions of the deposit, and in these are found large quantities of 
silicified fossil wood, which, although retaining its original structure, 
is frequently flattened by pressure and blackened to the coloiir of 
coal. Analyses of two specimens of this wood will be found on page 5. 
In some instances these auriferous gravels are covered by a 
volcanic capping in the form of basalt, and in such cases the fossil 
wood is almost always beautifully silicified. Gold is, to some 
extent, disseminated throughout the whole mass of these great 
gravel deposits, but is always in greatest abundance near the 
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liottom, and especially in direct contact with the bed-rock, which 
is usually grooved and polished by glacial or aqueous agency. 

After the removal of the superincumbent gravels by the 
hydraulic process, the grains and scales of gold remaining upon the 
bed-rock are sometimes brilliantly conspicuous. These are, in 
many cases, inlaid so firmly upon the hard granitic bed of the 
ancient river course as to resemble a gilt mosiac ; and the whole 
surface of the rock has to be worked over by the pick in order to 
secure the gold entangled within its substan(‘e. In cases wdiere the 
bed-rock consists of comparatively soft materials such as mica schist 
or clay slate, it is usually found advantageous to break it up to a depth 
of from eight to ten inches in order to liberate the (inclosed gold. 

The ridge of land which is embraced between the Middle and 
Semth forks of the Yuba River is from six to eight miles in width, 
and, to tlie limits of the auriferous gravel, extends altogether about 
thirty miles, thus forming an area of a])proximatcly two hundred 




ScuthYuha Valley 



Fio. 8fi. — Section between the Middle and Sonth Ynha lliw'is. 

square miles. The more elevated portions of this ground are 
covered by a heavy bed of volcanic ashes and breccia, as seen in 
Fig. 86, which represents a section u])on a line drawn from the 
Fellows Quartz Lode, on the Middle Yuba, south-east, through 
Snow Point and Mount Zion to the Scnith Yuba; once forming a 
continuous sheet over a region of considerable extent. This mass 
of volcanic ashes contains angular fragiiKuits of cellular lava, 
trachyte, basalt, porphyry, and of various other rocks foreign to the 
general geology of the country. 

The extent of the gravels constituting the deep diggings of 
California is very large, and in some instances their richness has 
been remarkable. A French engineer who visited California many 
years since, states that, at Mokelumne Hill, 250 lbs. of gold had 
been extracted from a few centimetres of material lying immediately 
above the bed-rock, within an area of fifteen square feet.^ 

1 P. Laiir, Du Oisement et de I’Exploitation de I’Or en Califoruie,” Ann. 
des Mines, vol. iii. 1863, p. 412. 
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A remarkable deposit of auriferous gravel has been extensively 
worked under Table Mountain in Tuolumne county, the summit 
of which is occupied by a thick bed of, in some places, distinctly 
columnar basalt. This basaltic capping is, in the neighbourhood 
of Sonora, 150 feet in thickness, and near tlie entrance of tlie 
celebrated Buckeye Tunnel its width is about 1,700 feet. Beneath 
this lava is a heavy deposit of sedimentary material, consisting 
chiefly of a fine-grained sandstone interstrati fied with seams of clay 
and argillaceous shale. With these are associated beds of a strongly 
cohering conglomerate or cement, while at the bottom is found tl}e 
ordinary pay gravel. In California, as in Australia, these lava- 
capped deposits are mined by means of shafts and levels. 

The metamorphh-i rocks, which form a comparatively narrow 
zone, running from north to south along the western flank of the 
Sierra N evada, contain numerous and important veins of auriferous 
quartz.^ These are not by any means equally distributed thongh- 
out the whole region of slates, but are chiefly concentnited in a 
belt having a width, from east to west, of some fifteen or twenty 
miles, and extending from north to south the whole length of the 
formation. These veins, for the most part, follow the general strike 
of the strata in which they axe enclosed, although this parallelism 
is not always absolute. In many cases a vein, besides having a 
direction somewhat differing from that of the bedding of the en- 
closing rock, throws off strings and branches traversing the slate at 
considerable angles. 

The gangiie of the auriferous veins ()f California is invariably 
quartz, which is crystalline and semi-transparent, and contains a 
little alumina together with traces of ])otash. In many cases 
the quartz constituting an auriferous vein is ribboned in such 
a way as to present the appearance of a succession of layers 
parallel to its walls ; one or more of these laminae being often 
more productive than all tlie others. In some instances these 
parallel bands are separated from one another by thin layers of 
quartz differing either in colour or structure from that forming 
the seams themselves. In some cases, however, laminin of the 
enclosing slates divide the vein into distinct bands, and in such 
instances the thickness of the interposed film of slate is some- 
times not greater than that of the thinnest paper. Cavities or 
druses lined with crystals of quartz are occasionally, although 
rarely, found in the auriferous veins of California, but, generally 

^ J. A. Phillips, Notes on the Chemical Geology of the Gold-fields of California,” 
r/o7. Mag,, vol. xxxvi. 1868, p. 231. 
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peaking, quartz crystals seldom occur in notable quantities in the 
more productive veins. When the structure of a vein is highly 
crystalline, and the quartz more than ordinarily transparent, it is 
considered an unfavourable indication with regard to its auriferous 
character. The quartz of the gold-bearing veins of the Pacific 
slope of the Sierra Nevada is, as a rule, ct)inparatively free 
from the fluid cavities which are of such frequent occurrence in 
that of ordinary lodes. 

The minerals usually associated with gold in the auriferous 
veins of California are iron pyrites, blende, and galena, with, less 
frequently, niispickel, magnetic j)yritcs, eopj)er pyrites, and cin- 
nabar. These sulphides invariably enclose gold, and veins in which 
some one or more of them does not occur in notable (juantity are 


not often lastingly productive. Near the outcrops the iron pyrites 
and other sulphides become decomposed by the action oi air and 
the percolation of surface waters ; staining the quartz of a red 
or brown colour, and leaving tlio gold in a form favourable for 
amalgamation. lu snch cases moulds after cubical iron pyrites aie 
found in the docomj)osc(] veinstone, and, altliouglx that mineral 
has been entirely removed, tln^ cavities left by it contain finely 
divided gold, obviously liberated by the oxidation of the mineral. 
Beneath tlio line of the natural drainage of the country the 
sulphides ixanaiii undecomposed, and the extraction of gold becomes 


more difficult. 

In addition to tlui gold thus enchased in the various metallic 
sulpliides, grahis and small flakes of tliat metal are^ (lisseininated 
through the vtdiistoiio, and this is especially the ca.se in the vicinity 
of certain dark coloured streaks generally almost j)arallel to the 
lines of apparent deposition of the (pnirtz. This dark substance 
is, in some cases, roscoelite, a micaceous mineral containing above 
28 per cent, of vanadic oxide. When gold is found lining a drusy 
cavity or is oncloscul in the plastic selvage of a vein, it often 
occurs in well-formed crystals; but, when crystallization has taken 
place in a narrow fissure, tlie crystals are much flattened and often 

become platc-like in form. ^ . n 

Tlie veinstone regarded by quartz minors as mo.st favourable 
for f'old,” is seamy, stained by oxide of iron resulting from the 

decomposition of iron pyrites, mottled, and somewhat resernb ing 

marble In addition to quartz, hydrated silica, or scmi-opal, and 
cl.alcedony have occasionally been observed in a nrifoi-ous quartz 
veins, and in seme instances tlie opaline silica is intei foliated 
between layers of norinal quail z, and is conveyed with it to the 
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stamping mill for treatment. A well-defined band of semi- 
opal of this kind was visible in the North Star Vein, at Grass 
Valley, when I visited that mine in 1865. 

The walls of the auriferous quartz veins are generally smooth 
and well defined, and often afford evidence of a considerable amount 
of faulting. In case of a lead ^ being divided into bands by inter- 
foliations of slate or otherwise, the planes of junction are sometimes 
marked by deep groovings, indicating that a grinding action has 
taken place between the adjoining surfaces. 

One of the most remarkable gold veins in Oalifornia is tlie 
Great Mother Lode, extending from Mount Ophir in Mariposa 
County to Mokelumne Hill in Calaveras County, a distance of 
over seventy miles. This lead, whicli frecjuently crops boldly out 
above the surface of the ground, and vaiies in thickness from 6 
to 60 feet, may, in some places, be traced almost uninterruptedly 
for miles across the country, and often ])rcscnts an outcrop re- 
sembling an immense white wall. Although not absolutely con- 
tinuous or always remuneratively productive, this may be regarded 
as an axis with regard to the other veins of the auriferous region, 
which have generally a nearly similar direction, and are most 
frequently grouped at no very considerable distance on either side. 
As a general rule the (quartz veins of California have not been 
found more subject to iini)ovcrishment in de2)th than are other 
metalliferous deposits, many of them having been worked below 
1,500 feet without any diminution of their gold having been 
observed. 

Nevada produces more gold than any other county in California, 
its yield during the year 1881 being estimated at $3,700,000.*'^ 
In this county there are some important quartz mines, nearly all 
of which are situated in the immediate neighbourhood of the town 
of Grass Valley. Of those mines the Idaho is now the principal, 
and during the year above referred to crushed 27,945 tons ^ of 
quartz, which yielded 30,965 oz. of gold. 

At the present time the richest quartz mines of California are 
those of the Bodie district, situated in Mono County. 

The following description of this region is from a report by 

^ Jn California a quariz vi-iu is called a “ lead,” and in Australia a “reef.” In 
the gold regions of the latter country the term had is apjdied to the deposits of the 
deep placers. 

* In Anierican statistics of production, the 'assay value of hiillion is given in 
dollars ; the value of an ounce troy of gold being $20 ‘6718, while the value of an 
ounce troy of silver is $1*2029. 

s The American ton weighs 2,000 lbs. 
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B, Silliman made in the year 1864?.^ Bodie Mountain, the point 
of chief interest in the mining district of the same name, is 
one of the highest inhabited points within the limits of the 
United States, its summit being 9,500 feet above the level of the 
sea. The general aspect of the country is desolate, the mountains 
are bleak and precipitous, and the clifis broken into rugged steeps 
strewn with fragments of decomposing rock. Bodie Mountain is 
an isolated mass of trachytic porphyry, consisting of a lavender- 
coloured ground-mass enclosing crystals of a white felspar, and 
facts appear to point to the conclusion that the whole region, at 
a not very remote gcu)logical epoch, was the centre of great erup- 
tive energy. In Mono Lake, twelve miles distant from Bodie, 
traces of those ancient fires still exist, as is evidiaiced by the 
escaping jets of hot vapour, and the numerous boiling fountains 
which occupy the islands in the centre of the lake. A close 
examination of the district leads to the conclusion that Bodie 
Mountain is an island of cruj)tive rock, having a length somewhat 
exceeding two miles with a width of about one mile, its crest 
being subdivided into three prominent points known respectively 
as Bodie Bluff, High Peak, and Silver Hill. 

The whole surface, to the summit, is covered with ddhriSy 
the porphyry in its decomposition having furnished an ochreous 
earth in which are seen abundant fragments of (piartz, jasper, 
chalcedony, and other veinstones derived from the breaking up of 
the crests of the various lodes which intersect the mountain in a 
general course of N. 25"’ E. An exploration of the surface of the 
mountain resulted in the discovery of sixteen nearly i)arallel quartz 
veins, which arc described with considerable detail, and the author 
proceeds to remark : — 

‘‘They are all, at surface, hard, compact, uncrystalline chal- 
cedonic quartz, sterile of metal, and unpromising for mining 
explorations; at a pretty uniform depth of forty or fifty feet 
frcmi the surface they gradually lose these characteristics, 
becoming softer as we descend, the quartz assuming more and 
more a fissile and friable character ; the compact or chalcedonic 
portion, greatly diminished in bulk, forms now a lining upon one 
or again upon both sides of the vein, or, more rarely, a seam of 
varying width in the centre of the vein ; patches or “ horses ** 
of the adjacent porphyry occasionally diminishing the vein, which 
immediately beyond assumes again the largest proportions. 

* B. Silliiiian, “ R(‘i>ort to the Empire Gold aud Silver Mining Company, 
April, 1864. 



m 


ORB DEPOSITS. 


* Th® metallic contents 


[PAET U. 


wiafklA . 1 . found distributed, usually in. 

i»™iw 


seen in 
or 


to the surfaces of tbe quartz, and, when visible, rarely scun 
pmwles larger than grains of mustfml seed, and of a spherical 
rounded form rather than in plates or scales. 

'•The observer aceustomed to the character of auriferous 
quartz in other portions of the United States, or elsewhere, 
IS struck also with the remarkable abstuico of tlie metallic 
sulpluirets. Mispickel, so commonly the associate of gold else- 
wlieie, seems lieie to be completely absent j even yellow iron pyrites 
and magnetic pyrites are rarely seen. Magnetic iron ore is pretty 
uiiiformW found, however, in minute particles, when samples of 
these ores are \\ ashed in the ordinal y manner.” 

Professor Silliman ohsexvea that it is ohvious fiom the foregoing 
statements tlvat the Bodie district is one of the most valuable 
localities for the ])recions metals liitheito discovered in the United 
States, W. P. Blake, about the same period, remarks with regard to 
the Bodie veinstone that, instead of being a solid liomogoneous ma'^s, 
it is formed in layers or coats one over another like sheets of paper 
or paste-board, with irregular tliin seams or openings between. 
“ This structure, with other peculiarities, indicates that the veins 
were deposited gradually in tin' tissur(\s by thermal springs, 
similar, perhajis, to those now existing at various points along the 
eastern base of the Sierra Nevada, as fur example at Steamboat 
Springs, Washoe.” 

The most productive mine of the Bodie di.stikt is the Standard 
Consolidate h1, which employs about 150 minei’s. Its present depth 
is about 175 fathoms, and its production of gold and silver in 
1881 sliglitly exceeded 12,000 000 ; during the year 1882 the 
total yield of bullion was $2,084,550. The Bodie Consolidated is 
taking from sixty-five to eighty tons of ore per week from the 
Fortuna Vein, and shipping above $7,000 in Inillion weekly. The 
production of tlie Bodie Cousolidateil Mine during the year ending 
Juno IvSt, 1882, w^as 182 040 oz. of bullion, value of gohl 
$262,421*17; of silver $148,787*08 ; total $406,158 25. 

The bullion shipments from Bodie district in 1881 amounted to 
$3,178,000, an increase of more than a million of dollars over those 
of 1878, the }<'nr of greatest excitement in the Bodie mines. 

According to an official return the production of gold in 
California for the year ending May 81st, 1880, amounted to 
$17,150,941, or 820,676 oz. troy, of wdiich $8,580 982, or 415,105 oz., 
were the production of hydraulic, placer, drift, and river mines, 
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and the remainder obtained from the treatment of gold quartz. 
The Director of the United States Mint estimates the pro- 
duction of gold in California in 1881 at 118,200,000, and in 1882 
it was probably something over $15,000,000. 

Although California maintains its position as the great gold- 
producing State of the Union, and the deposits of auriferous gravel 
still continue to yield large quantities of the precious metal, their 
exhaustion, in view of the enormous hydraulic operations now 
carried on, may be looked for at no very distant period. Previous 
to the discovery of the Bodie district, the placer mines yielded 
about two-thirds of the gold production of the State, but the large 
output of the mines in that region, now amounting to above two 
and three-quarter millions of dollars annually, independent of a 
considerable production of silver, has placed tlie deep mines 
almost on a par with the placers as regards the total value of 
their returns. The amount of silver contributed by California is 
comparatively small, and is chiefly obtained in the adjoining 
counties of Mono and Inyo. 

The production of the precious metals in tlie 8tate of Nevada 
showed in the census year, ending 81st May, ]8(S0, a consider- 
able decline as compared with that of the preceding six years. 
This is however to be entirely accounted for by the falling off 
in the yield of tlie Comstock Lode, and is not duo to any decline 
in the general mining ])rosperity of the State. The most remark- 
able metalliferous deposit in the State of Nevada is unquestionably 
the Comstock Lode, situated on the eastern side of Mount David- 
son and partly underlying the towns of Virginia and Gold Hill. 
In addition to numerous pa])ers scattered tlirough the pages of 
various scientific publications, some very important memoirs of 
a more special character have been written upon the Comstock 
Lode. In 18G5 Baron v. Richthofen made an examination of this 
district, the results of which were printed by the Sutro Tunnel 
Company, and in 1867 the same able geologist published a second 
paper, entitled A Natural System of Volcanic Rocks/' as a 
memoir of the California Academy, the classification proposed being 
avowedly, to a great extent, based on the geology of the Comstock 
region. 

At the date of the publication of these papers niicroscopical 
petrography was still in embryo, and it is consequently not to be 
wondered at that subsequent investigations, aided by the use of the 
microscope, have led to somewhat modified petrological results ; 
but so far as the structure and formation of the vein itself are 
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concerned the views of v. Richtliofen have been confirmed in a 
remarkable manner by the results of subsequent investigation. 

In 18G7 Mr. Clarence King, at tliat time in charge of the 
exploration of the 4?0th Parallel, made an examination of the lode 
down to the HOO-foot level, and, although accepting v. Richthofen's 
propylite, he at the same time expresses a doubt whether event- 
ually it might not be found identical with andesite. The quartz- 
osc rock which v. Richthofen had determined as a Pre-Tertiary 
quartz-porphyry, King regarded as quartz-propylite. In 1875 tlie 
rocks of this district were microscopically exam ine<l by Professor F. 
Xirkel, who confirmed tlie indtqxmdence of )>ropylite and quartz- 
])ro])ylito as lithological species, and regarded the quartzose rock as 
(lacite ; ho also correct, ed the (hitcuunination of the granular diorite, 
which had b(^cn called syenite, and added augite-andesitc, rhyolite, 
and a variety of basalt to the list of rocks previously recognised. 
In 1877 Mr. J. A. (dmrch examined the workings down to 
the 2,00()-foot level. The memoir of this gentleman contains 
various original hypotheses, among which the two following arc 
conspicuously prominent, namely : that the ores were deposited by 
substitution for i)ropylite, and that the lieat of the Comstock Lode 
is due to the kaolinizing action of surface waters on the felspars of 
the country rock. Finally, Mr. G. F. Becker, under the direction 
of tlie Hon. J. W. Powell, has prepared a monograi>li on the geology 
of the Comstock Lode. Of this report on the Comstock and 
Washoe districts a summary has already ajipeared.^ 

According to tlie United States Geological Survey^ tlie Virginia 
Range has resulted from a Post-Jurassic disturbance, attended by 
the phenomena of folding and compression acting horizontally. It 
lias also passed through an era of disturbances in Tertiary and 
Post-Tertiary times, during which the vertical component of the 
dislocating force was greatly in excess of the horizontal. This 
disturbance consequently resulted in a great amount of faulting 
thiougbout the whole region, but was not attended by extensive 
lateral compression or by folding. The era of Post-Jurassic dis- 
turbances was marked by the emergence of three massive rocks, 
namely, granite, diorite, and diabase. During the Tertiary and 
Post-Tertiary periods no less than eight diderent volcanic rocks 
were ejected ; these have been described by American geologists 
as propylite, quartz-propylite, hornblende- andesite, dacite, augite- 
andesiie, trachyte, rliyolite, and basalt. All of those rocks 

^ Report of the U.S. SerrrMiry of the Interior, vol. iii. 188‘2, |ip. 29:1-330. 

® U.S, (rcological Survey, First Animal Report, p. 39, T 880, 
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occur witliin a mile and a lialf of the Comstock Lode, ar\d there 
is a point at the soutliern end from which a circle can be draAvn 
with a radius of one and a-quartcr miles, enclosing occurrences of 
the whole of them. Mr. Becker, after a careful stuily of a larg(' 
number of thin sections under tlie microscoi[)e, has, howevc*]*, 
arrived at the conclusion tliat the rocks which havt^ bee]i classi‘d 
as propylite, in the Ooinstoch district are mer(‘ly decomposed forms 
of s])ccies previously known.^ He enumerates the rocks occurring 
in this region as granite, metamorphic schists, slates, and limestoiu's, 
t'lTiptivc diorite of three varieties, metamoiphic diorite, (puirtz- 
])orphyry, an older and a younger diabase, an older and a, younger 
hornblende-andesite, augite-a.mh^sit(‘, and T>a.salt. 

The Comstock Lode, during the middle portion of its course, 
occupies a line of contact between masses of diorite and diahase, as 
soon in the accompanying section, Fig. 87, reducfjd from Mr. 
Becker’s coloured drawing, in which the dotted jiortioiis represent 



Fiu. 87.~Socii<'ii of the Coiii.sloeK Lode. 


solfataric decomposition. North of the Opliir Ravine it is walled 
on both sides by diabase ; south of the Gold Hill Divide it lea,ves 
tlie diorite, and is carried southward, principally in diabase, 
but touches indistinctly the older metamorphic rocks upon 
its western side. This lode has been traced for a distance of 
22,546 feet in a nearly due north and south direction, dips 
towards the east, and has a thickness usually varying from twenty 
to sixty feet. The vein fissure, whicli is also a line of fault, was 
probably formed in Post- Jurassic times, shortly after the final 
extrusion of diorite. The vein matter of the Comstock Lode consists 
of crushed and decomposed country rock, clay, and quartz. Tlie 
country rock in and near the vein contains considcnible quantities of 
^ licpoii of ike Secretary of the InierioTf vol. iii. p. xxiv. 1882. 
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pyrites and calcite, while gypsum is not of uncommon occurrence. 
The quartz is, for the most part, crushed into a finely granular 
mass closely resembling ordinary commercial salt. This quartz 
was once crystallized, and has evidently been crushed by the 
movement of the hanging wall upon the foot wall. 

The Sutro Tunnel, starting from the Carson Valley, penetrates 
the eastern country rock for a distance of 20,000 feet, and strikes 
the lode near the middle of its productive portion 1,900 feet 
below its highest outcrop. The rocks passed through by the 
tunnel were liornblende- andesites alternating with augite-andesites, 
but f(jr the last 1,000 feet before the lode is reached the rock 
is diabase, while beyond it the diorite of Mount Davidson is 
encountered. The mines upon the Comstock Lode were first 
opened in 1859, and on June Ist, 1880, the total length of the 
shafts and galleries in the different mines had already exceeded 
150 miles. The number of men employed at that date was 2,770, 
while the aggregrate horse-po\vcr of the machinery was 24,180, 
and the greatest depth reached exceeded 3,000 feet, or 500 
laihoins. 

The most nunarkable phenomcma in connection with the 
Comstock Lode is the intense heat which prevails in the lower 
levels. In the Yellovv Jack(;t Shaft a large body of w^atcr was 
struck at a d('pth of 3,065 feet, of which the temperature 
was 170' Falir., and wliich was impregnated with sulphuretted 
liydrog(‘n. In the Forman Shaft there was a gradual increase of 
temperature amounting on an average to V for every 34‘2 feet. 
The heat of the Comstock Lod(i has been generally ascribed to 
expiring volcanic agencies, but a few years since it was suggested 
by Mr. Church that it might probably arise from the kaoliriization 
of felspars. To the latter theory objections have on more than one 
occasion been raised,^ and tlie recent observations and experiments of 
Mr. Becker have yielded results by no means in favour of the kao- 
linization hypothesis.^ Some particulars relative to the amount of 
bent carried off by the >vaters of the Comstock mines will be found 
at p. 71. With a view of testing the probabilities of Sandberger s 
theory of lateral secretion, the rocks of the Comstock district have 
been assayed with all possible precaution by Mr. J. S. Curtis. The 
constituents of the rocks found to contain the precious metals were 
separated by Thoulet’s method, and the metals thus traced to their 

^ J. A. Phillips, Quart. Jour. Gcol. Soc., voL xxxv. 1879, p. 390 ; Nature y toI. xxii. 
1880, p. 337. 

® G. F. B=‘.cker, A Summary of the Geology of the Comstock Lode,” 
Washingtoii, 1882. 
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mineralogical sources. The results of this investigation furnished 
many interesting facts, among which may he mentioned the following, 
namely: that the diabase contains a notable amount of tlie pre( ious 
metals, of which the larger proportion is contained in the auoite ; 
that the decomposed diabase contains about one-half as much of 
these metals as the comparatively fresh rock ; that the relatives (Quan- 
tities of gold and silver, bc'jth in the fresh and deconip(^sod diabase, 
correspond fairly well with the known coin})osit ion oi‘ the Comsti ck 
bullion; and that the total exposure of diabase is sufi’cjent to 
account for far larger quantities of bullion than have been (‘xtracted 
from the mines. 

In 1876 the yield of the C^omstock, according to Mr. Del 
Mar’s estimate, was : — gold $1S,0()2,0()(>, silvcu- ‘|;2(),570,07vS ; total 
$38,572,084. During the census year the whole (\unstock 
district, including the Virginia, Gold Hill, and Devil’s Gate sub- 
districts ; the outlying veins, such as the Occidental, t^c., and the 
yield of tailings Avorked at various points throughout tlu^ entire 
tract knoAvn as the Washoe C/Wntry, Avas : — gold $3,100,150, silver 
$3,813,174; total $6,022,330; shoAving a declim' of $31,650 654 or 
82 06 per cent, since 1876. From the tinu‘ the tiist, mines Avere 
opened in 1850 to 1st June 1880, tin*. Comstock Lode had })ro- 
duced about $315,000,000 wortli of bullion, of Avhich $175,000,000 
Avas silver and the remainder gold. Out of the above total yield 
about $115 871,000 had been paid in dividends. 

Some of the most ymxluctive silver mines in tlu^ States of 
Nevada are situated in the Eureka «aud Ely (iistricts. Tin* WJjite 
Pine region, Avhich, after the discovery of the miiu's in 1868, Avastho 
scene of great excitement, noAV yields comj’aratively small returns. 
The Eureka district consists mainly of inetamor})hic limestones 
exhibiting traces of stratification, lying on quartzite and overlain 
by shale. In these limestones, wbicb are Qtarily of C’ambrian and 
partly of Silurian age, are distributed irregular chirnm ys and 
pockets of ore consisting of galena with sulphate and carbonate of 
lead. This ore usually c(mtains about 25 per cent, of lead, and 50 
oz. of silver per ton. The liiclimond and Eureka Consolidated, 
both situated in the southern portion of the district, are the most 
productive mines. 

Throughout this district a groat ore-channel extends along the 
eastern base of Prospect Mountain fijr a distance of tAvelve miles. 
This appears to be a contact deposit in a formation of limestone, 
quartzite, shale, <fec., and from the varmus mines scattered along 
the main deposit and its various branches above fifty millions of 
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dollars have been extracted. The Richmond, which is the propertjr 
of a London company, is reputed to be one of the best paying 
mines in America, and is now down 1,230 feet below the surface. 
The Richmond furnaces have the reputation of being the largest 
producers in the world, and the accumulation of lead in that 
company’s premises in July 1881 was about 50,000 tons of market 
metal, there being an acre of ground outside the refinery piled 
solidly five feet liigh with jngs of lead. This mine during the first 
nine years of its existence produced $61,000,000 of bullion. Of the 
total yield of the ore 33 jjer cent, is gold and 66 per cent, silver, 
with a production of one ton of lead to five tons of ore smelted ; 
500 men are employed at the mine and furnaces, 500 more 
furnishing fuel, &c. 

The Eureka Consolidated has had from the time it was first 
opened, a dozen years ago, a prosperous existence. The output for 
the quarter ending September 30th, 1881, was $305,074, and, ac- 
cording to publislicd statements, bullion to the value of $1,396,618 
was shipped during the year.^ 

The yield of the placer mines of Nevada is comparatively 
insignificant, as no important gravel deposits provided with a 
suitable water-siqiply are known. The total production of bullion 
in this State during the census year was ; gold $4,888,247, silver 
$12,430,666. 

The bullion production of Utah, if not remarkable for its 
amount, is at least very regular in quantity, and lias not materially 
varied for many years. The proportion of gold annually obtained 
is small as conqiared witli that of silver, and the only placer gold 
produced, amounting in the census year to about $20,000, was from 
West Mountain district in Salt Lake County. Above one-fifth of 
the total production of bullion in this Territory appears during the 
census year to have been supjfiied by the mines of the Ontario 
Silver Mining Co., which aie situated near Park City, Utah, thirty- 
two miles cast of Salt Lake, and at an elevation of about 8,000 
feet above the sea. The principal mining claims belonging to this 
company are the Last Chance, Ontario, and Switzerland, extending 
on a line on the direction of the lode, and each 1,500 feet in 
length b}^ 200 feet in width. The vein fills a strong well-defined 
fissure having a course nearly east and west, with a northerly dip 
varying from vertical to 70^ The vein fissure traverses a belt of 
quartzite, cutting through the layers of the formation uncon- 

1 “ Report of the Director of tho Mint upon the Troductiou of Precious Metals in 
the U.S.,’^ Washington, 1882, p. 12J>. 
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%mably both on the dip and the strike. On the north, or hanginn* 
wall of the vein, is a dyke of grey porphyry 100 feet in widt^ 
intersecting the bedding of the quartzite with a general course 
nearly parallel to the lode. On the east this porpliyry approaches 
closely to the vein and in some places even forms its wall. 
Towards the west it diverges and is separated from the vein by a 
variable thickness of quartzite. 

The lode lias been explored on its course by underground work- 
ings for a distance of nearly S.OOO feet; the deeiiest point at whicli 
it has been cut being at the seventh level or over 700 feet below 
the outcrop. The fissure varies in width from two to twiuity feet, 
the usual width being from four to five feet, and throughout this 
large extent no faults or dislocations occur, the continuity being 
unbroken. The filling mainly consists of material deriveal from 
the walls, being a mixture of finely gnmnd (quartzite and clay, 
resulting from the decomposition of the encasing porphyry. The 
ore has been deposited in the fissure in a continuous slieet, ex- 
tending from the surface as far downwards as the exjilorations have 
penetrated, and forming a well-defined shoot of orc^. At tin) 
surface this slioot had a kmgth of only about 500 feet, the fissure, 
although continuing beyond the ore body to the (^ast and west, 
being filled with material derived from the walls suid containing 
but small quantities of mineral. As this shoot was followed in 
depth it increased in length, until at the sixth level it attaiiu'd a 
length of 1,500 feet. Not only has this increased in length as it 
has been exjdored in depth, but there has also been a gradual in- 
crease in tlie width of tlie ore, which in the upper Icwels averaged 
only from one foot to one and a half foot, while in the fifth 
and sixth levels it is at Icjist two and a half feet wide, and for 
considerable distances occupies the wliole breadth of the fissure. 
With this increase in the dimensions of the shoot, the ore lias 
become richer as greater deptli has been attained. Tlie first ore 
worked yielded an average of from $70 to $80 per ton, wliilc that 
extracted from below the fifth level mills from $125 to $145 jier 
ton, and the vein, where cut at the depth of 700 feet, samples still 
higher. 

Below a depth of 400 feet the ore is undecomposod, consisting 
essentially of argentiferous hhmde, associated with small quantities 
of grey copper ore rich in silver, a little galena, and iron pyrites. 
Nearer the surface the ore has been much changed by oxidation, 
zinc having been removed, and the silver occurring mostly as 
chloride with some native silver and oxidized copper and lead 
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minerals. The gangue forms about 35 per cent, of the ore as ^t 
goes to the mills, and is composed of clay and disintegrated 
quartzite. The ore is sometimes massive, although the vein 
frequently exhibits a banded structure with seams parallel to the 
walls, yet showing no evidences that the process of formation was 
interrupted. The ore is soft, friable, easily mined, readily de- 
tached from the walls, and is separated from the gangue without 
difficulty. The mine is very wet, especially in the western ground, 
necessitating the use of powerful pumping machinery. 

The Ontario Mine was discovered June 19th, 1872, and the 
amount of ore extracted from tliat date to January 1st, 1877, was 
13,604 tons, yielding $1,056,713 gross bullion. From January 1st, 
1877, to April 1st, 1881, the quantity of ore mined and milled was 
62,601 tons, yielding $0,950,788, a total production of 76,205 tons 
and a gross bullion value of $8,007,501, being at the rate of $105*08 
per lon.^ The total production of the precious metals in Utali 
during the census year ending May 31st, 1880, was $5,034,645. 
During that period the production amounted to : — gold $201,555, 
silver $4,743,000. 

A considerable impulse has been given to the mining industries 
()f Arizona by discoveries recently made in the Tombstone district, 
in Pima County, but the bullion production of that area had only 
begun to come forward during the period covered by the late 
census.- 

The mining district <aiul town of Tombstone are situated in 
Cachise County, Arizona Territory, at the north-west end of the 
Mule Pass range of mountains, on the right bank of the San Pedro 
River, from which the town is nine miles distant. It is also twenty- 
four miles south of Benson Station on the Southern Pacific Railroad 
of Arizona, and about forty miles north of the Mexican line. Its 
altitude above the sea is approximately 4,600 feet. The Dragoon 
Mountains rise to the north-east, and the lliiachuca Range lies on 
the south-west. The country is without timber, and the surface 
where the mines are opened is in general gently rolling and 
accessible to waggons by natural roads. The first mining grants 
were made in the year 1878, and there are now probably over one 
thousand claims taken up in the district and upwards of 2,500 
inhabitants. The output of the precious metals, gold and silver, up 

1 W. Ashbiirner and W. P. Jenney, Report on the Ontario Silver Mining 
Company’s property,” San Francisco, 1881. 

William P. Blake, F.G.S., “ The Geology and Veins of Tombstone, Arizona,” 
Trans. Amer. Inst. Mining Engineers, vol. x. 1882, p. 334. 
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to, January 1st, 1882, amounted to $7,359,200, and over $3,000,000 
had been disbursed in dividends. 

In going from Benson to the mines the traveller rises from the 
Post-Pliocene deposits along the San Pedro to a granitic plateau, 
ihe rock is grey and highly crystalline, is apparently eruptive, and 
weathers into gigantic rounded blocks lying one upon another, as 
if piled there by some enormous force, and extends to within a mile 
or two of Tombstone, where stratified formations occur overlying 
the granite. These stratified beds consist of quartzites, limestones 
and slates, with frequent repetitions in an ascending series several 
thousand feet in thickness ; but all conformable, and dip])ing, 
generally at a low’^ angle, toward the east. The fosKsils which have 
been found in the middle and upper beds show them to be 
Pala3ozoic and probably of Lower Carboniferous age, while tlie 
lower strata are probably older. 

Ill addition to tlie stratified formations tlierc are intrusive 
porphyritic dykes cutting indiscrimiiuitely through the strata nearly 
at right angles, and trending, apjuoximately, north and south. This 
is the direction of the general faulting of the (anintry, and also of 
the mineral veins. In the central jiortion of the district erosion 
has exposed the outcrop])ing edges of many strata of limestones, 
shales and ([iiartzites. Both the shale and ([uartzite beds are very 
fine-grained and compact in texture, with scarcely any signs of 
granular structure. The latter is llint-Iike and hard, and is more 
exactly described as a novaculite or honestone ; passing in })laces 
insensibly into siliceous limestone. An abundance of iron pyrites 
in fine crystalline grains is disseminated through tlie layers of 
this rock, which derives special im])ortance from the fact that the 
mines on the Tough Nut and Good Enough claims hnd it below the 
chief ore-bearing limestone. The beds above it consist of dark, 
black, or blue limestones, and of thick beds of dark argillaceous 
shale, alternating with black siliceous shales for nearly half a mile 
to the eastward. The black limestones above the novaculite are 
the chief rei>ositories of the bedded masses of rich silver ore. 

The whole series of beds in this central part of the district i.s 
thrown into folds, being regularly plicated in a series of wave-like 
flexures which may be traced, although with some difficulty, upon 
the surface, but are best seen in the cross-cuts of the mines and 
along the drifts. In the open cut upon the Tough Nut there is a 
good exposure of some of the beds at the crest of an anticlinal fold, 
presenting an appearance, in section along a north-east and south- 
west cut, as shown in Fig. 88, in which a is novaculite, under the 
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limestone, h limestone bending over the novaculite, and c shales 
over the limestone. 

This section is along the upper level known as the adit, and is 
directly below the place on the surface where ore was found cropping 
out mixed with soil and vein-stuff. At another place there is a 
scries of plications, at about the angles shown, with rich ore lying in 
the folds. These folds are not large, covering a few hundred feet 
in extent only, but are beautifully regular and well defined ; in 
the series of strata to the eastward the dip becomes more regular, 
coarse-grained quartzites, in thicker beds, taking the place of finer- 
grained deposits. All of the formations named have not only been 
ii])lifted as described, but have been much broken and faulted 
cither at the time of uplifting or subsequently. 



I'lts. b8.—Auticliual, Tough Nut cluiiu. 


The cliief ore-bearing vein of the district traverses the Grand 
Central and the Contention claims. Tliese were laid out in a north 
and south direction upon the somewhat obscure outcrop of a dyke 
of dioritic porphyry cairying ore in, througli, and alongside it. 
The outcrop was not well-defined, consisting of jiorphyry and of 
a confused mixture of porphyry, chert, and quartz, with masses of 
porous quartzite alongside, none of the rocks rising high above 
the soil. There was, however, a considerable discoloration by 
oxide of iron, and a small amount of digging revealed good ore 
near the surface. This dyke varies in width from a few feet to 
seventy feet, and dips to the westward at an angle of from 55° to 
65°. It cuts indiscriminately through shales, quartzites, and lime- 
stones, and is evidently of igneous origin. Its contact, however, 
with the abutting edges of the disrupted beds is not always marked 
by any material change in their appearance or composition, although 
in places there is obscure metamorphism, and some slight modifica- 
tion of structure. Tlie dyke itself lias a distinct vertical lamination, 
and is more or less penetrated by thin veins of quartz. In some 
portions it is highly crystalline, while in others it consists, chiefly, 
of a felspathic base in which the felspar crystals are obscure. It 
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finally passes into a folsite, which, in the decomposed portions of 
the dyke and when slaty in structure, might be mistaken for 
altered shale or quartzite. Large portions of the dyke are so 
penetrated by quartz as to consist largely of that mineral, although 
close examination shows the presence of felsjiar. ^ 

There is also a considerable amount of mineralization of the 
dyke by iron pyrites disseminated irregularly in cubical crystals, 
most of which have dissolved out and left cavities only to indicate 
their former presence, giving rise in some places to a sjiKmgy mass of 
either porphyry or quartz. Although the mines have been worked 
to a deptli of GOO feet and there are some twelve to fifteen miles oi* 
drifts, levels, and winzes in the Contention and adjoining mines, tluj 
undecomposed ores below the water-level have not been rcvaelunl, 
and all the minerals above that point are in the deconq)ose(l and 
oxidized condition common to surface ores. A large i)ortion of them 
is charged with red oxide of iron to such an extemt that the cloth- 
ingof the miners becomes saturated with the rouge-like powder, and 
the tailings at the mills arc blood-red in colour. 

There has been an extensive decom 2 >osition of the jiorphyry 
along the u])per 300 feet of the dyke, resulting in the forma- 
tion of quantities of kaolin, sometimes perfectly white and 
pure, but generally more or less stained by rc‘d oxide of iron. 
This kaolinization extends in places to the adjoining shales, and 
there are some white, clay-like interstratificid beds, which may, 
on further examination, be found to be altered felsitic offshoots 
from the dyke. Tiie only metalliferous contents, with the excc])- 
tion of the pyrites and some galena and lead carbonate, arc gold 
and silver in a partially free state, part of the gold, if not all 
of it, being free ; the silver occurring cthiefly as chloride, with 
probably some iodide. The average vahu; of gold and silver in 
the ores worked in 1880 was about $70 per ton. The gold 
represents from 20 to 25 per cent, of the value of the product, 
the remainder being silver. A very interesting fixet is the oc- 
currence of metallic gold, together with chloride of silver, dis- 
seminated in the midst of the porphyritic rock, at a distance of 
many feet from the ])ortions of the poi])hyry carrying c[uartz in 
veins. This gold is found cljiefly in a j)ortion of the rock con- 
taining finely-disseminated hornblende. In decomposing, this 
porphyry becomes steatitic, and in places appears to he changing 
to serpentine. The goltl is found in thin sub-cTystallinc flakes and 
scales, chiefly in and along thin seams and cracks in the mass of 
the rock, as if it had been infiltrated and deposited from solution. 
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Free gold is also found in quartz in the usual manner of associa- 
tion ; but even in such specimens the crystalline felspar of the 
dyke is also found. 

The whole of the dyke, together with the adjoining strata, has 
been subjected to extensive movements and displacements, shown 
not only by breaks of continuity, but by brecciated cross-courses 
and by seams traversing both the igneous and stratified formations. 
This disruption of the dyke, with its attendant fracturing and 
brecciation of the country rock, accompanied by the movement 
of tlie dyke upon itself, and the formation of heavy clay seams, 
has provided suitable places for the accumulation of ore, 
wliich is generally found in the softer and more broken portions 
of the dyke. The only place upon the lode where water has been 
reached is upon the Sulphuret claim. At this point the lode 
intersects limestone, and there is a bedded layer of ore following 
tlie stratification and connected with the dyke ; this ore is chiefly 
galena and iron pyrites. Bedded ore deposits are associated 
with bedded dykes, and with vertical fissures nearly parallel with 
the Contention Lode. One of the longest and best defined is the 
Wcst-siJe Lode, which may be traced for about two miles, until it 
passes into the underlying granite. 

A line of fissure cuts across the anticlinal line of the forma- 
tions at the open cut on the Tough Nut, and crosses the whole 
breadth of the Good Enough into the claim beyond. This has 
been followed on ore from the open cut, and is connected with 
the chief lateral bedded deposits. A lode has also been 
followed in the same general direction from the claim called the 
Defence across the Tough Nut into the Good Enough. This lode 
is marked by heavy outcrops of quartz, and by flinty boulders 
lying above the limestone on the surface. 

The bedded offshoots from the vein, which are often of con- 
siderable lateral extent, following the planes of stratification on 
either side, may be due to the decomposition of nodular masses, 
but they are generally deposited in the limestone as if by replace- 
ment. They may be regarded as filling irregular cavernous spaces 
eroded in the strata by metalliferous solutions, and are without 
any regular boundaries. The bedded masses do not exhibit a 
symmetrical arrangement of the ore, except such as may be referred 
to stratification or deposition by gravity. It is to be observed that 
the bedded masses of ore occupy the limestone rather than the 
siliceous or argillaceous strata, as might be expected from the 
greater solubility of limestone. In extent the bedded masses have 
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been much larger than the ore bodies of the vertical fissures, and 
it may be said that the larger portion of the production has been 
from beds or flats. They extend irregularly between two fissures, 
for a distance of about 400 feet measured diagonally along the 
dip. It is noteworthy that they follow the stratification for some 
distance and then suddenly break across it vertically, following a 
crack or break in the bedding, and then again expand horizontally 
for some distance to another crack, when they drop down by a 
series of steps from one layer to another between the limestones. 
The ores found in these bedded dt'posits in limestone are much 
more plumbiferous than is the ore of the felspathic dyke. Galena, 
blende, and iron pyrites are abundant in masses, which, within the 
reach of oxidizing agencies, are largely converted into oxides and 
carbonates. 

The Castle Dome district lies in the foot-hills, and on the 
western slope of a range of mountains, in Arizona, eighteen miles 
east of Castle Dome Landing, on the Colorado llivcr. The district, 
as already traced, is two miles in width and seven in length, following 
the trend of the mountains. The lodes in this district were re- 
discovered in the yc'.ar 1 8G.S, but it is evident that they had been 
opened and worked, to a shallow depth, at a comparatively remote 
period, probably by some of the Spanish priests who first made 
their way from Mexico into Arizona. The ore, which occurs in 
true veins, is a dense brilliant galena, carrying about 80 oz. of silver 
per ton. The rocks of this region are compact fine-grained mica 
schists and clay slates, standing nearly on edge, and traversed by 
numerous porphyritic dykes, which apparently bear some close 
relation to the mineralization of the veins. The veins have a 
general north-west and south-east course, their outcro])s being 
made chiefly evident by fragmentary crystals of rose-col(jured fluor 
spar, which constitutes the chief veinstone accompanying the 
galena, and which forms an excellent flux for the ore. This is the 
only known instance of the general occurrence of fluor spar in 
lead-bearing veins in the United States. Calcite and gypsum arc 
also often present, and in some of the veins quartz constitutes an 
important portion of the gangue, being either arranged as combs 
parallel to the walls, or forming sheets in the middle of the veins. 

During the first six months of the year 1879 the shipments to 
San Francisco, where the works of the company are situated, 
amounted to 438J tons of ore, yielding $21,867, or an average of 
$48 per ton of 2,000 lbs. The average percentage of lead was 69, 
and the contents of silver 26 oz. per ton. The value of the lead 
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per ton was $25’61, and the value of the silver at 90 cepts 
per oz. $23*89 per ton of ore ; making a total of $49*50 per ton 
of ore.' 

The total production of Arizona during the census year was 
estimated at $211,966 for gold and $2,325,826 for silver, and 
consequently the yield of the latter is much in excess of that of 
gold. Mr. King, however, states that from not being in some cases 
furnished with the necessary returns, the above estimate may 
possibly bo wrong to the extent of some 20 per cent. 

The gold production of Idaho during the census year amounted 
to $1,479,655, of which 59*42 per cent, was the yield of placers, 
and 40*58 per cent, the result of deep mining ; the production of 
silver for the same year amounted to only $464,550. The principal 
mining areas are those of Owyhee, the Kew River country, and 
the Yankee Fork region. 

Oregon is one of the oldest of the western mining States, the 
finding of gold within its boundaries having closely followed the 
discovery of that metal in California. Its yield was never large 
in comparison with that of the neighbouring State, but, although 
the mines have now become secondary to its agricultural resources, 
they still afford remunerative employment to many of its inhabitants. 
The quartz veins of the portion of the State which adjoins Idaho 
continue to yield the greater portion of the total deep*mino pro- 
duction of the country. The prevailing type of the ore is an easily 
worked auriferous quartz, although rebellious gold ores, requiring 
special treatment, are found in some localities, and a small amount 
of silver is produced in Grant County. This county also takes 
the lead in placer mining, while Baker, Jackson, and Josephine 
Counties also furnish a considerable amount of alluvial gold. The 
production of the precious metals in Oregon during the year 
ending May 31st, 1880, was : — gold $1,097,700, silver $27,793. 

Of the comparatively small production of the deep mines of 
Washington Territory, by far the larger portion comes from the 
Peshastin district, in Yakima County, where quartz mining is 
carried on upon a limited scale. The Upper Columbia placers 
furnish above one-half of the alluvial gold annually obtained in the 
Territory. The yield of the precious metals during the year 1880 
amounted, according to official returns, to : — gold $135,800, silver 
61,019. 

The vast region of Alaska, occupying an area of half a million 

^ W. P. Bliike, “ Ueport to Castle Dome Mining and Smelting Company,” July, 
1880. 
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square miles, remains for the most part still unexplored, while its 
exceptionally severe climate, and its remoteness from facilities of 
communication, must always remain obstacles to the development 
of its mines. Its gold is derived exclusively from placers, among 
which those of the Taken district are the most productive. Accord- 
ing to official returns the total production of Alaska during the 
census year was:— -gold $5,951, silver $51. 

The total production of the Pacific division of the United 
States during the same year amounted to: — gold, $25,261,828, 
silver $21,143,881. 

Division of the Rocky Mountains. — The division of the 
Rocky Mountains comprehends Colorado, Dakota, Montana, New 
Mexico, and Wyoming. This division yields 23‘GO per cent, of the 
gold and 48*45 per cent, of the silver annually produced in the 
United States ; in addition to which, a large proportion of tlie lead 
produced in the country is obtained from the mines of this region. 

From an average annual production of between tlirce and four 
millions of dollars, Colorado has suddenly risen to the fu’st rank 
among the States and Territories as a producer of mixed biillioin 
of which the larger proportion is silver. As a gold-jiroducing 
State it occupies the fourth place. The most important mining 
area in tlie State of Colorado is that in the vicinity of Leadville, 
a town situated in Lake (kmnty, on the western flank of the 
Mosquito or Park raiige of mountains, and on the eastern slope 
of the valley of the Arkansas, at a mean average elevation of 
10,150 feet above the level of the sea. The Rocky Mountain 
Chain is here composed of three more or l(*ss jmralJel ranges ; 
the Colorado or Front Range, the Mo>squiio or Park Range, 
and the Sawatch Range. The Arkansas Valley is a meri- 
dional depression about sixty miles in length, by sixteen in 
width, bordered by the sharp peaks of the Mosquito Range on the 
east, and by the equally high but broader mountain mass of the 
Sawatch Range on the west. At a distance of about twenty miles 
from its head the foot-hills of the bordering ranges close together, 
confining the present bed of the steam within a narrow rocky canon, 
a few miles above the town of Granite. 

On the upper edge of a gently-sloping terrace, between Big 
Fivans and California Gulches, and at the base of Carbonate Hill, 
the extremity of a western spur of the Mosquito Range, is situated 
the city of Leadville. Gold was first discovered in 1859 on 
Tarryall Creek, at the head of the South Park, and early in the 
spring of 1860 two parties of prospectors stumbled almost simul- 
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taneously upon rich diggings in California Gulch, near the present 
site of Leadville. Larg(3 quantities of alluvial gold were obtained 
from this gulch, and a town was built along its banks, known as 
Oro City ; the richer placers, however, became rapidly exhausted, 
and in the course of three or four years the population of the town 
of Oro had become reduced from thousands to hundreds. The 
miners of that date, who had acquired their experience in the 
gold-fields of California, knew little or nothing about the ores 
of silver, but prospecting for gold was, to some extent, carried on 
upon the outcrops from which the gold of the placer diggings 
had been derived. These operations resulted in tlie discovery of 
several gold mines which, for a time, brought back a gleam of 
renewed prosperity to the dwindling camp at Oro, but of whose 
yield no data are available. Few liowcvcr, if any, suspected the 
value of the so-called “heavy rock,’’ fragments of iron-stained 
carhoiiate of lead, which, being too lieavy to be carried off by the 
force of running water, obstructed the sluices and required to be 
removed by hand. 

The practical discovery of tlic argentiferous ores of Leadville 
was however made in 1875, and the first small lot was shipped to 
Saint Louis in 1878. Active prospecting over the whole region 
commenc(‘d in the spring of 1877, and the development of rich 
and productive mines I'rom that time advanced with astonishing 
ra])i(lity. 

The most ancient rocks of the Leadville district are of 
Archa3an ag(‘, consisting of granite and gneiss, above which follow 
successively Cambrian quartzites, Silurian white limestones, 
Carboniferous blue limestones and grits, and finally Quarternary 
deposits consisting of lake beds and post-glacial drifts. The 
igneous rocks of the district comprehend different varieties of 
porphyry, and the strata are traversed by numerous faults, which 
in some places repres(uit considerable displacement. Throughout 
this region the stratum of dark blue, often nearly black lime- 
stone, at the base of the Carboniferous formation, is the 
most important ore-bearing rock. There are however other 
horizons in which ore is sometimes found, although in general in 
masses far inferior in quality and extent to those occurring at the 
contact of this limestone with the porphyry, which almost every- 
where overlies it. The ore is principally argentiferous galena, with 
its products of alteration, cerussite and chloride of silver ; while, 
as accessory minerals, anglesite, pyromorphite, minium, blende, 
and calamine are sometimes met with. Native sulphur has 
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occasionally been found as a result of the decomposition of galena, 
as well as metallic silver, produced by the reduction of the chloride 
of that metal. 

Mr. S. F. Emmons, of the United States Geological Survey, was 
for some time engaged in a study of the structural and mining 
geology of the district about Leadviile, and material was gathered 
for an exhaustive monographic report on the geology and mining 
industry of the locality. In an abstract of this re[)ort, published 
in 1882, Mr. Emmons^ remarks that, although his conclusions 
cannot claim the merit of great scientific originality, since similar 
opinions have already been put forth by investigators in other 
fields, they have been arrived at purely from an impartial study of 
the peculiar conditions of the district, without any pre-conceivod 
theory which might tend, unconsciously, to bias the o]>inions of 
the observer. The most im 2 >ortaiit iacts ohsei vcil and contusions 
arrived at bearing upon the formation of these metalliferous deposits 
are : — 

1st. “ The oeeurrence, on an enormous scjile, of intrusive 
bodies of eruptive rock of Secondary or Mesozoic age, and of 
exceptionally crystalline structure, which are so regularly inter- 
stratified as to form an integral part of the sedimentary series ; and 
yet which never reach th(‘- surface, but were s])read out atid con- 
solidated beJ'ore the great dynamic movement or mountain-building 
2)eriod at the close of the (h-etaceous. 

2nd. That the original ore d(‘po.sition took jdace after the 
intnisioTi of the eruptive rocks, and betore the folding and faulting 
occasioned by the great dynauiie movement. 

8rd. “ Tlie minerals contained in the principal ore deposits of 
the region were derived from circulating waters, which in th(iir 
passage through the various bodies of eiu]>tive rocks totjk up 
certain metals in solution; and, concentrating along \)edding- 
planes by a metamorphic or 2 >scud()mori)liic action of replace- 
ment, deposited these metals as sulphides along the contact or 
upper surface, and to greater or less depth below that surfatu*, 
of beds generally of limstone or dolomite, but sometimes also of 
siliceous rocks. 

4th. “That in the region immediately about Leadviile tlic 
principal deposition of silver -bearing minerals cook place at the 
horizon of the lowest member of the Carboniferous group, the 
Blue limestone formation, commencing at its contact with the 

^ “Abstract of Report on Geology and Mining Iiiclustry of Leadviile,” 

Report of tlie Hccrctary of tJic Interior ^ vol. iii. 1882, p. 203. 
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overlying White porphyry, Bat that, while this particular for- 
mation has been peculiarly susceptible to the action of ore 
currents in this region it is not admissible to assume, as some 
have done, that in general tlie beds of any one geological epoch 
are more favourable tluin those of any other to the formation 
of this important type of silver-bearing deposits ; since, although 
they are generally found in greatest abundance in calcareous 
beds of Palieozoic age, the horizon of such beds is by no means 
identical in the various mining districts in which they have been 
thus far developed. 

5th. '^That in this, as in many other mining distiicts, dykes 
of eruptive rock, cutting the ore-hejiring formation transversely, 
scorn to favour the concentration of rich ore bodies or bonanzas 
in tbeir vicinity. 

Gth. That on fault planer, on the other hand, no considerable 
ore bodies liave been dejrosited, as might liavc been assumed, 
a priori, from the fact that their origin is later than tliat of the 
original ore d(‘posits.” 

On the other hand, Mr. J. Aldcn Sniitli, the State Geologist 
of Colorado, says in his recent report on the ininei'al resources 
of Colorado;^ — “I am imjKdlcd to reiterate the opirrions hereto- 
fore expressed, that the ore de})osits of this district came from 
below through fissures originating in the granitic rocks, and, ex- 
tending upward, penetrated the limestones and quartzites to the 
contact with the overlying porphyry ; that these fissures lead to 
many bedded veins in the limestone or (piartzite, and to contact 
veins of more or less value between tlu^ formations last mentioned, 
and between tlioso and the granitic formation ; and tliat these 
fissures and d(*j)().sits will be cxt(‘nsiv<*ly and profitably worked 
for centui'ii\s after the contact deposits now oj)erated on are 
exliausted.” 

Th('- IjcmlvlUc ITi'vald states that tlie m(‘tallie ]:>roduction of 
Leadville for tiu' y(‘ar I8SI was SI .S,170,.‘)7(). Tlie statermmt of 
the year’s yielil made u]) by the IjvadrilJe Donnonit, shows a less 
production. It states that, from ore sujiplied by iril mines, 
7,1/ 4,2*14 oz, o( silver, and 1 1 . 1 .*>.*) oz. of gold were obtained, together 
with :17,2()4 tons of lead, representing a value of Si *l,10l),7()l. 
This, liowever, omits the gold production of the gulch mines, 
reported at sS60,000, whieii, added to the total, brings the jiroduct to 

1 “Report on the Development of the Mineral, Metal In rgieal, Agricultural, 
l*,,storal, and other resources of Colorado for the years 1881 and 1882.'' n. 69 

liver, 1888. ^ ' 
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13^109,701, or witlnn $815 of the Herald's estimate. It is un- 
certain which is correct, but from these estimates it may bo 
deduced that the production of Leadville in 1881 was about; — 
gold $300,000, silver $10,300,000.^ 

The Bassick Mine, which is situated six miles east of Silver 
Clilf, in Custer County, has always exhibited such very j^oculiar 
features as to render it one of the most remarkable in Colorado. 
It is situated near the centre of a small rounded hill compos<id of 
trachyte and felspathie conglomerate, of which the greatest diameter 
is, at its base, about 1,200 feet, while its height above the general 
level of the surrounding country does not exceed 200 feet. 

Mr. L. R. Crabill,- who has recently described this remarkable 
dejiosit, states that an outcrop of line-grained conglomerate is ex- 
posed on the south-west side, while on the north-east the hill joins, 
by an upward slope, the line grained felspathie rock of Mount 
Tyndall, which rises some GOO feet higher, and of which the elevation 
containing the Bassich Mine forms an arm. 

On visiting this mine attention is immediately attracted by the 
unusual method of arrangement of the ore, wliich is seen to be 
disposed in concentric layers around fragments of trachyte. These 
fragments, each of wliicli constitutes a nucleus for a concentric 
arrangement of deiiosits, vary in size from boulders having a 
diameter of two {cat, to ]>ebbles whose diameter is not grciiiter 
tlian half an inch. These have no sharp or rougJi (ulges, but 
have evidently been much worn by friction before the deposit of 
the metalliferous miiUTals took place, llieij- shape being usanlly 
apiiroxiniately sjdieiicaJ. Tiu'y consist of trachyte jinriseJy similar 
in character to tliat of the country rock, of wliich tliey an', without 
doubt, a portion. T1h.‘Sc, with their c*oatings of on‘, (juartz, and 
kaolin, constitute the greatcT portion of the lilling of the lissure, 
and when separated from the surrounding layers oi' orc^ they 
rarely show by assay an} tiling hoyoiid a trace oi’ the jircxious 
metals. 

As before stated, around eacli of tlujse waterworn fragments^ 
as a nucleus, arc arranged concentric laycirs of ore, cacli particular 
mineral forming a se])arate stratum. The layers always i'oJlow 
one another in the Kamo order, are of about tlie same projior- 
tionate thickness, and are all parallel to the surface of the 

’ Iloport of thf! Dinjctor of tlie Mint upon tlie rroductioii of Precious Metals 
in tlie U.S.” p. 416, 'Wnsliin^toii, 1882. 

® ** On the Peculiar Featnre.s of the Bassick Mine,” Trans. Amrr, JnsL 
Miniuff EnginerrSy vol. xi. 1882, p. 110. 

N N 2 
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nucleus. Usually three, but sometimes four, distinct layers are 
seen firmly attached to one another, but with the line of separation 
perfectly visible. The stratum next the nucleus, which is invariably 
the thinnest, consists of sulphides of zinc, antimony, and lead ; this 
layer varies from the thickness of a sheet of paper, in the outer portion 
of the ore body, to some two and a half inches nearer its centre, but 
is usually from to l^^ch through. This stratum contains 
about 60 oz. of silver per ton and from 1 to 8 oz. of gold, but varies 
much in composition. Next to this coating a second is often 
found, which, although it is not always very distinct, is lighter 
in colour, slightly thicker, and contains more lead, silver, and gold 
than the previous one. This coating frequently contains as much 
as 100 oz. of gold per ton, and from 150 to 200 oz. of silver. The 
third shell, counting from the nucleus outwards, consists of blende 
from a (][uarter of an inch to two and a half inches thick; this mineral, 
which is usually crystalline, generally contains from 00 to 120 oz. of 
silver per ton, with from 15 to 50 oz. of gold, and constitutes the 
principal source of value in the mine. It contains also a consider- 
able amount of iron and co]>per sulphides. The inner surface is 
smooth, but the outer is rough, with the points of the crystals 
projecting. The fourth coating, when there is one, is formed of 
chalcopyrite, and varies much in quantity. Sometimes it consists 
merely of crystals, sparsely scattered over the rough pointed 
surface of the blende, Avhile at others it attains a thickness of three 
quarters of an inch. This contains as much as 100 oz. of gold per 
ton, and about the same amount of silver. Outside of this there 
is occasionally, though rarely, a fifth thin coating or S])rinkling of 
crystalline iron pyrites. 

Surrounding all, especially in the larger cavities, but not usually 
in the smaller ones, near the outer edges of the ore body, kaolin is 
found. This exists, however, not as a coating, but rather as complet- 
ing the filling of the crevices between the boulders. The fragments 
of rock which these minerals surround, are not necessarily in close 
contact, nor do they fit into one another in any way; they resemble 
in general disposition a loose idle of water-worn stones which have 
been carelessly thrown into a pit, and have afterwards become 
coated with thin metalliferous coverings. A peculiar fact regarding 
this deposit, and one which is somewhat difficult to explain, is that 
the nuclei or barren fragments are rarely in contact with one 
another, while the metalliferous envelo 2 )es surrounding them are 
in immediate contact. Thus, where actual contact between the 
boulders themselves might be expected, there are frequently found 



UNITED STATES. 


519 


3»ART II.] 

at the point of approximate meetinpf, two separate layers of ore, one 
beloni^ing to each of tlie contignoiis nuclei. 

The only other mine in tlie district known to exhibit a con- 
centric arrangement of minerals around a barren nucleus is the 
Bull-Domingo, seven miles from the Bassick. But there the on^s 
and country rock are difterent ; galena and spathic iron ore having 
been dei)ositGd around a nucleus of syenite, and tlic ores contain 
practically no gold. 

The tissure, which in itself constitutes one of the peculiarities of 
the Bassick Mine, is an irregular opening, nearly elliptical in 
horizontal section, but varying in width, its shorUr dia.m(‘ter being 
sometimes as small as twenty feet, while the larg(‘r apjn-oacbes t-o 
one hundred. It has been found that for over eight hundred fe.(‘t 
its downward direction very closely approaches tlu^ vertical ; in 
horizontal direction it has no well-defiiKHl outliru'. There are in)!., 
as in ordinary fissures, any signs of a wall of country rock, and no 
continuations or extensions of the ore body have beem found. 

The or(' is richcT towards the centre of the body, tlu^ layers, call(‘d 
“scales” by the miiK'rs, being there thick(ir, and (!onta,in a larger 
])ro])()rtion of the; jweeious metals ; l)ut, as the tMlge is ap])roacbed, it 
thins out and gradually becomes poorer, until at last it is too ])oor 
to be worked advantageously. From the ccud.nj of the body out- 
wards, the fragments deensase in size and the layiu'S of ore become 
thinner, (kmtinuing the outward course, but without having passed 
any particular line marking a boundary, a conglomerab^ is reached, 
composed of small rounded p(‘bbles of hhspathic rock cemented by a 
hardened trachytic paste, but containing no or(\ In the sa.me 
manner, without finding any defined boundary, the country rock 
is reached. This is of the ordinary character, is gny in colour, 
and is of the same nature on all sides of the ore body. 

The other products of the mine, occurring in subordinate 
([uantities, arc : — calamine, silicate of zinc, jamesonit(% tetrahedrite, 
tellurides of silver and gold, free gold, quartz and graphite. The car- 
bonate of zinc and electric calamine are found only among the uj)pcr 
or oxidized ores above the water level, and arc doubtless the result 
of the dccom])osition of blende. Above the water level most of the 
free gold is found in wires and other usual forms. Tetrahedrito 
never occurs as a coating, but always filling vacancies bc^tween the 
coated boulders, and is usually found intermingled with quartz. 
In the same mass are also tellurides of gold and silver. 

The quartz in this mine would appear to be a residue from 
the decomposition of silicates by impr<^gnating solutions, and is 
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found, like the tetrahedrite, occupying open spaces outside the 
coated boulders, and never within them, serving to some extent 
as a cement to hold the mass together. This quartz is, for the most 
part, amorphous, rarely showing any traces of crystallization ; when 
it does so it is amethystine, but more frequently it appears to have 
been deposited in a gelatinous state. 

One of the most striking features of this mine is, how- 
ever, the existence in it of graphite. This is found in cavities 
between the coated boulders, and toward the outer edges of the 
ore body, but it is not necessarily adjacent to ore. It does not 
often occur, but has been found both near the surface and at great 
depths. Mr. Grabill is inclined to the opinion that this deposit 
has been the site of a geyser or mineral spring, carrying minerals 
in solution in its waters. 

Gilpin Ckmnt}’’ is the smallest in Colorado, but, with the 
exception of Lake County, has been the most productive of 
bullion. Its dimensions are somewhat less than fifteen miles ])y 
twelve, and its principal gold mines arc situated in groups within 
an area of less than sixteen square miles. Mining was commenced 
in this area some twenty-three years since, and during the period 
which has since elapsed the production has been $41,000,000, of 
which $;17,500,000 has been gold, and $^,500,000 silver, the whole 
constituting more than one-fourth of the entire bullion output of 
the State, and nearly two-thirds of the gold ])roduced. The geology 
of many of the mining districts is very simple, the area being 
generally granitic, with occasional patches and dykes of various 
eruptive rocks. The granitic series embraces all the forms, from 
true massive granite, through the various gneissic rocks, down to 
highly stratified mica schist. Tine veins are mainly true fissures, 
having a strike often approximately north-east and south-west, 
though there are instances where the strike is either nearly north 
and south or east and west. Tellurium and tellurides occur in the 
ores of Boulder County and in various other localities in Colorado. 

The following figures give tlie bullion yields of the principal 
mining counties in this State during the year 1882 : — 

Lake County " . $17,131,853 

Gilpin „ 2,006,516 

Clear Creek „ 2,001,620 

Summit „ 1,150,000 

Custer „ 705,116 

The production of precious metals in Colorado during the census 
year was; — gold $2,690,000, silver $16,549,274. 



PART II.] 


UNITED STATES. 


551 


. The metallic production of Dakota is almost entirely derived 
from the region of the Black Hills, and in great part from Lawrence 
County. Nearly the whole yield is obtained froni gold-bearing 
lodes, the gravel deposits being of very secondary importance. 
The gold quartz, which is of low grade, is rediurd in amal- 
gamating mills of great size and j)ovver, by which a large pro])ortiou 
of the gold present in the rock is extractiid. Silver or(’S were 
discovered in Dakota almost as early as were those containing 
gold, but the comparative ease with which the latter can be workeil 
led the early miners to neglect, to a great extent, the ores of 
silver. Tlie ])rincipal group of (piartz miiu's is that in the Honuj- 
stake district, the reputatitm of wliich has long been establishc'd. 
The most imi)ortaiit mines belonging to this group are the 
Homestakc, Highland, Deadwood Terra, De Smet, Chant and 
Old Abo, Golden Star, Palmetto, American Flag, Lincoln, Amicus, 
Prince Oscar, Nettie, May Booth, Indepcndtmce, Mineral Point, 
and Pea Warmer. The deepest shaft is u])()n the Giant and Old 
Abe, 450 feet. The (piartz from tlu^ Hoim'stake is taken from thc} 
240-foot level, and yields about $5*50 per ton. That fnmi the 
Deadwood Terra is said to averag(i $4, and that from tln^ ])(; Sm(‘t 
about $.*1*50, per ton. Thc mills of the Honn^stake Mirnng ( ^)rn])any 
are stated to lie cayiable of reducing 8,000 tons of (piartz daily, 
at an average- cost of $1 p(?r ton. 

The amounts of gold and silver pnxluced in the Territory, as 
reported hy tlic Census Bureau, during the y(;ar ending May 
8lst, ltS(S0, w'as : — gold $8,805, (SdO, silver $70,818. Of the total 
quantity of gold only $47,700 was yiidded hy placin' iniiuis. The 
production of gold and silver in 1881 is (ivStimated hy the Dirceb^r 
of the United States Mint to liavo been $4,000,000. 

Until very recently Montana was entirely isolat(‘d from the 
Eastern States except by a long and tiresome coach jouriK'y in 
winter, or by tedious river navigation during a few months in 
summer. There is now, however, railroad communication to within 
seventy miles of Helena, connection being made over the Utah 
and Northern with tlie Union and (kuitral Pacific roads at Ogden. 
Owing to want of facilities for transport, &c., the mining regions of 
Montana have been but little known to the outside world, and 
foreign capital has not found its way into the country. Fifteen 
years since the richest placer mines known were worked in this 
Territory, but until recently quartz mining was prosecuted only in a 
desultory and unscientific manner. 

In addition to gold, silver, and lead, the copper ore sent forward 
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from the numerous mines of Montana will, it is antieijiated, in the 
future, form no inconsiderable item in the metal markets of the 
world. The production of gold and silver in the Territory during 
the year ending May olst, 1880, was, of the foniu'r metal $1,805,768, 
and of the latter $2,905,066. Mr. 11. 13. Harrison estimates the 
yield of Montana, for the year 1881, at $6,050,000. This, however, 
doubtless embraces the value of the associated lead and cop})er, 
and the amount should consequently be reduced to $4,960,000, of 
which $2,330,000 will be gold, and $2,630,000 silver. 

The most important mineral-producing portion of New Mexico 
hitherto explered is Grant County, situated in the extreme south- 
western extremity of the Territory. The first discovery of gold 
made was in 1859 near Pinos Altos. These placers are represented 
to have been for some time very rich, and washing upon a small 
scale is still carried on, but principally by Mexicans. In addition 
to placer mining, much work has been done upon lodes in the con- 
tiguous mountains. The amount of gold produced in this district 
in 1881 was approximately $25,000, about equally divided between 
the placer and the quartz mines. Numerous silver mines have for 
many years been worked, intermittently, in the vicinity of Silver 
City, and have, in the aggregate, produced considerable quantities 
of bullion ; silver mining is not, however, so actively carried on in 
the district as it appears to have been two or three years since. 
The mines in the <^orgetown district are reported to be rich in 
ores of medium grade, and will be worked as soon as the cost of 
working minerals of that class shall have been sufficiently reduced 
to admit of their profitable treatment. Some other portions of 
the county hitherto imperfectly prospected, must await the period 
wlien exploratio-ns ir distant portions of the Territory shall have 
become a less hazardous pursuit than it now is. 

In addition to Grant County one or both of the precious metals 
have been produced in Doha Aha, Socoito, Santa F^, and Colfax 
Counties. According to the report of the Director of the United 
States Mint, the figures in the table on page 553 represent the total 
estimated production of New Mexico since its annexation by the 
United States, as also the yield for the year 1881. 

Although W yoming is surrounded on three of its sides by im- 
portant mining regions, there are but few developed mines 
within its boundaries. As far as can be ascertained, the actual 
production of gold during the census year was confined 
to Sweetwater County, which yielded gold to the value of about 
$17,320. 
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. The total production of bullion in tlio division of tbo. Hooky 
Mountains during the year ending May 31st, 1880, was •—..•old 
$7,878,189, silver $1 9,91 7,490. '' 


Bullion PnonuiTjox of Kkav j\rKxrco. 


Counties. 

Total production. 

- 

Yield during' 18S1. 

Gold. 

Silver. 

Gold. 

Silver. 


$ 

$ 

$ 

$ 

Grant 

0,1)00,000 

3,50'2,000 

25,000 

275,000 

Doha Aha 

100,000 

100,000 




Socorro 

— 

20,000 



- 

Santa Fe 

— 

— 

10,000 



Colfax 

3,750,000 

— 

l.fi0,000 

— 

Totals .... 

10,350,000 

S', 622, 000 

185,000 

275,000 


Eastern Division. — This group, which comprehends Virginia, 
North Carolina, South Carolina, Georgia, Alabama, Tennessee, 
Maine, Michigan, and New Hampsliiro, although the oldest, 
is the least productive of the tliree divisions.^ The first notice 
of the discovery of gold in tlie Southern States occairs in 
Jefferson s Notes on Virginia^ in which it is stated that a lump of 
that metal weighing 17 dwt, had heen found near the lla]>pahanno(^k ; 
and Dayton, in Ids View of South Carolina^ published in 1802, 
mentions the finding of a small piece of gold on Paris’s Mountain. 
In 1799 gold Avas found in Cabarrus County, Nortli Carolina, and 
placer washings upon a small scale were carried on both tbere and 
in Montgomery County for several years. These oj)crations, which 
Avere entirely restricted to the washing of sands and gravels, yielded 
in addition to gold-dust, several nuggets of considerable size, 
one of which, found in Cabarrus County, weighed 28 lbs. avoirdu])ois. 

The first United States gold Avas coined at the Mint in 1825, 
and from that time np to 1S30 four-fiftlis of the gold coined in 
the country Avas of native production. From 3804 to 1827 Nortli 
Carolina furnished the whole of tiio gold produced in the United 
States, amounting to about $130,000, but in 1829 Virginia con- 
tributed $2,500, and in the same year South Cy^arolina yielded 
$8,500. In 1830 Georgia iriade its first deposit of gold at the 
Mint, amounting to $212,000. Previous to 3825 all the gold of 

^ J. D. Whitney, ** Metallic Wealth of the United States," IS 54, pp. 114-134 ; 
W. J. Henwood, “ Metalliferous Deposits, ” pp. 371- 384, Penzance, 1871 ; E. Motz 
and T. M. Chatard, “ The Brewer Gold Mine," Now York, 1880, 
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Nortli Carolina bad been obtained from shallow washings, but in 
that year auriferous veinstone, containing a large amount of gold, 
was discovered in nitif, and tliis had the effect of turning attention 
fi om deposit mines ” to “ vein mines.’’ 

The Ai^palachian Chain takes its origin in Canada, south-east of 
the St. Lawrence, and forms a scries of mountain ridges exttuiding 
in a soutli-wesbii'ly direction into Alabama. Its width, which is 
very variable, is greatest near its centre, gradually diminishing 
towards the ends. It is divided into a number of j^arallel ridges, 
and has a total length of some 1,300 miles. Along the south- 
eastern edge of this scenes of ])arallel mountain cliains, lies an 
undulating rang(j of elevations known by different names in the 
various States tlirongh whicli tiny ])ass. In Vermont they are 
known as tlie Croen Mountains, in New York tiny are called the 
l^i^dllands, in ]^•nnsy]vania the South Mountains, in Virginia the 
Rlue Ridgti, and in North Carolina the Smoky Mountains. This 
hc'lt, whicli is composed of metamorplioscd 3‘ocks of Lower Pakeozoic 
a<rt\ varitvs from t(‘U to fiftcaei mil(‘s in width, and contains few 
(listinguishahlc fossils. Immediately to the south of this lies the 
auriferous belt, running ruN'irly parallel to the Blue Ridge and 
apparently of thc^ vsame geological ago. In Virginia the central 
axis of this hand lias a direction of N. 32' K., hut still furtlu'r 3iorth 
it follows a line more nearly ap[)roa.ching east and west. Its width, 
where most di‘velo]HKl, on the borders ol’ North and South C/ai‘olina, 
does not exc^ecd sc'venty miles. 

Beyond Maryland the auriferous belt is no longer continuous, 
detaclied ])atdies only being, from tinu^ to time, met with until 
(kuiada is rc'ached, where tlua*e is a considerable ai'ca containing 
gold. Tlie rocks throughout tbe whole of tlie auriferous belt closely 
rc'semble one anoth(‘-r, and (consist of schists of almost every variety 
alternating with bands of granite and syenite. 'Jdie pi'cdominating 
rock is a talcose schist soim‘tinu's passing into the chloritie and 
argillac(‘ons varieties. The talcosc schists which predomiiiato in 
the gold-mining districts of Virginia have usually a reddish colour, 
are often fissile, and have a general strike of about 30'" N. of E. For 
the most })art the lamiiue of these rocks are almost vertical, and 
enclose bed-like veins of quartz, together with masses of granite, 
syenite, and protogine. The gold almost invariably occurs in quartz, 
which, near the siii'facc, is cellular, and stained either red or brown 
by the oxidation and removal of iron p}Titcs, with which the precious 
metal is often associated. In the immediate proximity of the gold- 
bearing beds, which strictly conform to the schistose structure of 
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ihe enclosing rocks, the schists frequently assume a thick lamellar 
aspect, although in other situations they are usually more fissile. 
The ore-bearing deposits are, for the most part, composed of an 
intimate mixture of quartz and slate, in which are sometimes 
embedded distinct and well-defined masses of either the one or the 
other. Angular and v(‘in-liki' bodies of translucent or milk-white 
quartz, surrounded by a c:oat.ing of brown or red iron ore, are also 
occasionally met with. Small (juantities of auriferous iron pyrites, 
magnetite, and yellow copper ore, together with a little free gold, 
are irregularly disseminated through layers of more or less feimgin- 
oiis quartz, and still more S}>aringly through the adjoining slaty 
rocks. 

One of the most remarkabh‘ auriferous dej)osits of theStat(‘Son 
the Atlantic sea-board is that known as the BrewtT (h)ld Mine, 
situated on Lynch River, Cliesterfield Oountv, South Carolina. 
The mode of occurrence of the })recious metal in this locality 
will bo umh'rstood on referring to the accompanying transverse 
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section, Fig. 89, reduced from a drawing of Professor Licber.^ 
In this section, wliich rt;presents a lengtli t>f about thnn) miles, 
a is a dyke of coars(!-graiiied granite, south of whifdi is a band of 
trachyte, abutting against the talcosi^ sla,t(‘s, r, wliich contain thrc'C 
distinct and parallel bands of lenticular de])osits, r/, as w(dl as some 
small branches of barren wdiite quartz; c is clay slate s(;en at the 
81at(} Ford, while at/ is the auriferous detrital deposit known as tluj 
Old Tanyard. Of these three groups of lenticular veins tin* two 
northern ones only have biicii worked, the third remaining almost 
in its original condition. 

The direction of these veins exactly corresponds both in strike 
and dip with the bedding of the enclosing slaty rocks, and their 
breadth varies from twenty to fifty feet. These lenticules consist 
of a blue hornstone which is seldom found in an undecompo.sed 
condition, and is never met with in a fresh state except in the 
centre of the reniform masses constituting the deposits. The 

1 “ Kfiport on the Siuvey of South Carolina,’’ 1858, p. t>3. 
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hornstone contains finely disseminated iron pyrites and yello■v^^ 
copper ore, by the decomposition of the former of which the dis- 
integration of the mass would appear to have been chiefly effected ; 
enargite and cassiterite are also present in subordinate quantities. 
The whole of the hornstone of the lenticular masses at the Brewer 
Mine is auriferous, but is traversed in every direction by veins of 
white quartz containing no gold. 

The Tanyard, where the first gold was discovered, is an 
extensive detrital deposit, lying in a valley, and evidently 
resulting from the disintegration and removal by water of the 
auriferous lenticules on either side. A shaft and a tunnel, which, 
according to tradition, were made previous to the War of Indepen- 
dence, arc still visible, but the presence of workable gold in this 
locality appears to have been first made known by Brewer, who 
discovered it at the Tanyard in the year 1828. 

For many years these disintegrated gravels were leased in plots, 
each usually twelve feet square, wdiich the lessees worked when and 
in what way they thought proper, paying to the proprietor of the 
soil a royalty of one-fourth of the gold extracted. The ill-directed 
labour thus expended was for a long time remunerative to all 
2 )artios, but the disadvantages arising from such an entire lack of 
system at length became so great that, about five years since, the 
property was for the first time worked as a whole by the hydraulic 
system. The discovery of tin ore in the sluice-boxes of this mine 
is interesting I’ather on account of the peculiajity of its occurrence 
than for its commercial value. The crystals of this mineral arc 
often well formed, and are not unfrequeiitly studded with crystalline 
particles of gold. 

According to the report of the Director of the United States 
Mint, South Carolina suffered in 1881 from a drought, which 
materially interfered with gold mining generally. Tlie Brewer 
Mine fully answered ex])ectations, and would have produced from 
$25,000 to $30,000 during the year, had not the lack of water, in 
the month of August and subsequently, brought the work almost 
entirely to a standstill. 

According to official statistics the production of the gold-fields 
•of the eastern division of the United States amounted, during 
the year ending May 31st, 1880, to only $230,646. 

The total production of each State and Territory, including the 
yield of the deep mines from ore raised prior to, but reduced during, 
the census year, and also the silver coutouts of placer gold, is given 
in the following tabic. 
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I'able showing the Weight and Value of the Preoious Metals ruoDFOKi) 
IN THE United States during the Census Year ending May 31st, 1880. 


Pacific Division, 


State or Territory. 

Production. 

Total Value. 

Gold. 

Silver. 

Alaska 

02. 

288 

02. 

39 

$ 

6.002 

.€ a. 

1,200 8 

Arizona 

10,2.54 

1,798,021 

2,537,792 

507,558 8 

California 

829,076 

890,1.59 

18,301,840 

3,660,368 0 

Idaho 

71,578 

3.59,309 

1,944,205 

388,841 0 

Nevada 

236,408 

9,014, ,502 

17,318,913 

3,403,782 12 

Oregon 

53,101 

21,497 

1,125,493 

225,098 12 

Utah 

14,106 

3,608,504 

5,031.045 

130,819 

1,006,929 0 

Washington .... 

6,509 

788 

27,303 1C 

Totals .... 

1,222,040 

16,353,839 

46,405,709 

9,281,141 10 


J)ivi}<i(>n of the Jtocl'ij Mutoila ivs. 


(/olorado 

lo0,0()8 

12,800,119 

19,249,174 

3,849,834 

10 

Dakota 

1.59,920 

54,770 

3,370,059 

075,331 

10 

Montana 

87,354 

2,240,939 

4,710,831 

942,100 

10 

New Mexico .... 

2,38/ 

303,455 

411,691 

88,338 

4 

Wyoming 

838 

— 

17,321 

3,404 

4 

Totals .... 

381,107 

1.5,40.5,283 

27,795,079 

5,559,135 

10 


EctHt( 

ni Division, 




Alabama . , . 

63 


1,300 

200 

0 

Georgia .... 

3,920 

257 

81,302 

10,272 

8 

Maine .... 

145 

5,509 

10,200 

2,040 

0 

Michigan . , . 

— 

20, (too 

25,858 

.5,171 

12 

New Hampshire 

532 

12,375 

27,000 

.5,400 

0 

North Carolina . 

5,755 

108 

119,095 

23,819 

0 

South Carolina . 

031 

43 

13,097 

2,019 

8 

Tennessee . . . 

97 


1,998 

399 

12 

Virginia. . . . 

451 


9,322 

1,804 

8 

Totals 

11,594 

38,352 

289,232 

1 57,846 

8 

Pacific Division . 

1,222,040 

10,353,839 

40,40.5,709 

9,281,141 

16* 

Division of the 

381,107 

15,405,283 

27,79.5,079 

.5,5.59,135 

10 

Rocky Mountains 
E.'i stern Division . 

11,594 

38,3.52 

289,232 

i .57,840 

8 

Totals 

1,014,741 

1 31,797,474 

74,490,620 

1 14,898,124 

0 
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Quicksilver. 

The quicksilver-bearing belt of California^ extends over a 
distance, in a general north and south direction, of about three 
hundred miles, and is occupied by massive beds of slate accom- 
panied by gabbros or by calcareous and siliceous beds, and is 
broken through and not unfrequently capped by eruptive rocks. 
Wherever they come to the surface these slates are found to be 
generally more or less impregnated with mercury, either in the 
form of cinnabar, or in the native state. Selenide of mercury is also 
occasionally found. These slates extend from San Luis Obispo to 
tbe nortli of Sonoma, and rc-appear in Trinity County. Accom- 
panying them, on the south, are calcareous and magnesian rocks of 
various ages, while at the nortli, and towards the centre, are sanrl- 
stones and serpentines. Throughout this band, which is sometiincs 
above half a mile in width, quicksilver ores occur as impregnations 
in the calcareous and siliceous rocks, and as beds or deposits in tlie 
slates. The distinction between impregnations and beds is not, 
however, always well defined, since many of them might, apparently, 
bo the result either of sublimation or of infiltration. Mercury Las 
been worked as far south as the County of San Luis Obispo, 
where the most massive ore is found in compact talcose slate, 
hornstono, and greenstone. Tlie cinnabar is accompanied by much 
iron pyrites, and is distinctly crystalline. 

The New Almaden Mines, in Santa Clara County, are worked 
upon a number of segregated deposits enclosed, cliiefiy,. in a belt of 
altered slates, with lenticular masses of serpentine lying' on either 
side. These slates belong to tbe Cretaceous age, but in California 
the occurrence of cinnabar is not confined to any particular geo- 
logical horizon. In these mines the ore occupies a series of 
irregular cavities confined witliin a comparatively small space, both 
horizontally and in depth ; the chimneys occurring without any 
approach to regularity, and often without any visible connection 
with one another. 

At the Enriqnita Mine a scries of irregular bodies of cinnabar, 
and a number of nearly parallel seams of tbe same mineral, are 
enclosed in a soft decomposed oclireous breccia containing frag- 
ments of siliceous limestone with pieces of jasper and chalcedony. 

The New Idria Mines, in Fresno County, consist of a number 

^ R. \V. Raymond, of Mi nf.s and Mining, 1874, i). ^79; IhUL 1875, 
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of workings distributed along a course some throe miles in 
extent between San Carlos and New Idria proper. At the San 
Carlos workings the rock is a whitish granular sandstone, some- 
times in its original condition, but, more frecpientiy, to some 
extent metamorphosed, through which the cinnabar is irregularly 
diffused without any apparent system or order. At the Aurora, 
lying between the San Carlos and the New Idria Mines, tlie rock 
is hard and siliceous, frequently coloured by iron, and containing 
occasional specks of cinnabar. At New Idria proper the rocks 
are exceedingly varied, but consist chiefly of sandstones and slates 
in different stages of metamorphism. In one of the main tunnels 
of this mine the rock is a dark, somewhat bituminous slate, much 
fractured, exhibiting numerous slickensides, and so disturbed that 
it is impossible to determine either its average dip or direction. 
In other parts of the excavations tlu'. rock is very siliceous and is 
broken into a sort of breccia, cemented by the cinnabar, wliich Alls 
the spaces between the fragments. 

At p. 08 I have mentioned the occurrence of cinnabar and 
sulphur at the Suli)hur Bank, in Lake County, California, which 
I visited in the year 1800. At that time the di'-posit was worked 
exclusively for sul])hur, but it has since boim successfully opened 
as a quicksilver mine. Believing that additional light on so in- 
teresting a subject would be welcomed by tlio scientific world, 
Messrs. Lc Conte and Kising, of the University of California, made 
repeated visits to this mine during the years 1877, 187JS, 1879, 
1880, and 1881, and hav(‘ recently published the rosulis of tlujir 
observations, made down to a considerable dc‘ptli below the volcanic 
capping, to which my examinaliou was necessarily coTifincd.^ 

At tlie time of tlieir earlier visits, na,m(‘ly from 1877 to 1880, 
tljo underlying country rock could be reached ami exaniim'd in 
only one excavation, known as the Waggon-Spring (Jut,” hut in 
tlie summer of 1881 they had an o])pertunity of examining the 
stratified rocks undei lying ilio lava to a de})th of 2()0 feet. Since 
tlieir previous visit a shaft had also been sunk some distance to 
the south of the Waggon-Spring Cut, about 150 1‘eet outsido 
the limits of the lava-flow, with tlio intention of reaching the ore 
body by means of drills, the iippei inost of which had been drivim 
for a distance of 150 feet. Mr. W. Jackson, of San PVancisiJO, 
who exaniinetl the volcanic rock, dotcrinined it to be an 

^ Joseph Le Conte, and 'W. U. Ttisiri", “The Phenomena of Metalliferous Vein- 
formation now in pro^nrsH at Siil{diiir Panic, California,” American Journal of 
Science f vol. xxiv. 1882, j). 23. 
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augite-andesito. The stratified rocks in ifcs vicinity, where not 
concealed from view by a capping of lava, consist of sandstones 
and shales inclined at very higli angles. 

The phenomena observed were as follows: — For seventy or 
eighty feofc from the shaft the rock is barren sandstone and shale, 
dipping to the south, and comparatively dry and cool. Then it 
becomes brecciatod and higlily charged with ascending hot water 
containing a large amount of alkaline sulj)hides, with excess of 
COg and In tlie liottest places the temperature of the 

water is 160'' Fahr., and CO.^ bubbles up so profusely that a 
lighted candle ne;ir its surface is quickly extinguished. The heat 
of the freslily cut rock is oi*ten too great to be borne by the naked 
hand, and in this hot shattered rock the ore is found. The mine 
is worked witli difficulty on account of tlie almost insupportable 
lieat, but this has now been, to a great extcait, removed by the 
more complete V(mtilation recently introduced. The lower drift 
had not at the tijne of their visit yet reached tlie ore body.^ 

The brecciatod layer which forms the water- w\ay is here, as in 
the Waggon-Spiing Cut, composed of fragments of sandstone and 
sliale, usually angular, but sometimes sub-angular, as if the edges 
bad been eitlier w(»rri or dissolved away. In some places, where 
tlie ascending water is abundant, there is hot mud only between the 
fragments, but in others, where the rock is drier, and the solfatario 
action is exhausted, the fragments are firmly cemented by a paste 
of consolidated mud eoutaiiiing disseminated metallic sulphides, or 
wholly by deposits from solfataric waters. The vein thus becomes a 
mere breccia united by a paste of cinnabar, pyrites, and silica, but 
chiefly by cimiabar. The spaces are sometimes entirely, and some- 
times only partially, filled with the deposit, occasionally leaving 
hollows between the fragments. In this case the mass may have the 
appearance of an aggregation of pellets of cinnabar, but on break- 
ing them they are found to have an angular fragment of rock as a 
nucleus. The deposit lining or filling the cavities is most commonly 
cinnabar, but sometimes consists of iron pyrites, or silica, or of all 
three arranged in alternate layers. The silica wasfound in all stages of 
consolidation ; sometimes chalccdonic, sometimes cheesy, and some- 
times gelatinous. The vein or deposit is largely enclosed in the 

^ In 1882 the work was progressiiifij on five diffiTcnt horizons, namely ; — 104- 
foot, ir>7-foot, 210-foot, 260-foot, and 310-fooi levels. The third, 210-foot levtd, had 
been pushed 282 feet, cutting through the ore body, and reaching barren rock on 
the other side. The fourth level had been pushed 136 feet, and had reached the ore 
body. The varying dip at the.se levels shows that the strata are very much 
broken up. 
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brpcciated stratum described, but is, apparently, not wholly con- 
fined to it. It is extremely irregular, sometimes widoniog out to 
many yards in extent, find then thinning down to a few inches, or 
even pinching out and disappearing entirely to again appear in a 
different stratum. Sometimes it is repeated, with barren rock 
between, while at others it leaves the brecciated layer and appears 
in the shattered sandstone either on one side or on the other. 
This deposit is in some places exceedingly rich, constituting a 
breccia united by a paste consisting entirely of cinnabar, which 
often constitutes more than one-lialf the weight of tlie entire mass. 
No free sulphur was found either here or at any depth beyond a few 
yards below the surface. 

The New Almaden has been the most prcnluctive mine in 
California, and in 1863 yielded 40,301 bottles or 3,080,011 lbs. 
of quicksilver, but in 1873 the production had become reduced to 
12,000 flasks, each containing on an average 76 J, lbs. 

The New Tdria Mine, during the same year, produced 7,600 
flasks of quicksilver, and the total production of California was 
estimated at 28,600 flasks. 


Leab. 

Lead ores occur in the Atlantic States,^ in true veins, enclosed 
in the Azoic slates of New York, &c., in tlie form of argentiferous 
galena, associated with blende, iron pyrites, and cop])cr })yrites; in 
veins running parallel to the formation, especially in N(^w^ England ; 
and as irregular deposits in the unaltered Lower Sihirian rocks of 
the State of New York and elsewhere. They are not, however, ex- 
tensively worked, and exhibit no peculiarities of especial interest. 
The most important lead regions of the United States are thcjse of 
the Upper Mississippi Valley and Missouri. 

Lead ore was first discovered in the south-west by Le Sueur, 
who made a voyage up the Mississippi in 1700. The first mining 
appears to have been undertaken in 1788 by Dubuque, a half- 
breed Indian trader, and was carried on by him until his death in 
1800 ; but it was not until 1827 that lead miners began to spread 
themselves over the Wisconsin lead region, from wliich time 
the quantity of lead produced rapidly increased until 1845; after 
which period, however, it again declined, 

' J. D. WhitDey, “ The Metallic Wealth of the United States,” p. 382 ; Ihid, 
“ Report on the Upper Mississippi Lead Itegion,” Surrey of Wisco^isin, vol. i. 
1862. 
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The Upper Mississippi lead district is included within t^e 
boundaries of three States, namely, Wisconsin, Illinois, and 
Iowa, but about five-sixths of the lead-producing area belongs to 
Wisconsin. The deposits of lead ore are developed in the Galena 
or Upper Magnesian Limestone, of the Trenton period of the 
Lower Silurian formation, and extend over an area of some 140 
geographical square miles. There are no deposits of lead in the 
valley of the Mississippi which can be considered as coming in any 
way under the head of true veins, as they are invariably limited 
in depth, and are enclosed in a geological formation of which the 
productive portion does not generally exceed a hundred feet in 
thickness. Whitney distinguishes various forms of these deposits : — 
The simplest variety is the sheets the characteristic mode of oc- 
currence of lead ores in the Mississippi valley, which is a solid 
mass of ore filling a vertical fissure ; the ore remaining as it was 
first deposited, and the rock exhibiting no evidence of having 
undergone decomposition. The dimensions of such sheets are very 
variable, but generally the thickness does not exceed three inches, 
while their longitudinal extension is not great, usually varying from 
a few yards to a hundred. From twenty to forty feet may be con- 
sidered the most usual limit in vertical extension ; but in some 
instances a much greater depth has been attained while following 
down an unbroken mass of ore. In sheet deposits there are rarely 
any of the ordinary accompaniments of a true vein, such as gangue 
or veinstone, and the walls arc never smooth or striated. Should 
the ore give out, the crevice becomes filled with clay, ochre, or 
calc spar, while quartz is never present. 

An opening is the widening out of a crevice in strata in 
which the conditions are favourable to the accumulation of 
lead ore, and is filled with galena surrounded by ferruginous 
clay. When their dimensions are very irregular, the fissure 
contracting and exi)anding suddenly and frequently, so as to give 
rise to numerous isolated cavities of different sizes connected by 
the general line of fissure, the whole is called a crevice vnth pocket 
openingfi. The cave opening is a magnified form of the pocket 
opening. An expansion of this kind in Levin s Lode, near Dubuque, 
was 180 feet long, 45 feet high, and 30 feet wide. There are 
frequently great irregularities in the vertical height of such 
openings, ’which sometimes rise into conical cavities, called 
chimneys, often lined with stalactites of calc spar and galena. Crevice 
openings are chiefly confined to the upper portion of the Galena 
limestone, while in the lower portions of that rock fiat sheets and 
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Hat openings occur as characteristic forms of deposit. The difference 
between vertical and flat sheets is one of position only. Flat 
sheets are made up of blende, calamine, and pyrites, associated 
with galena. Calcite and heavy spar are found, in some cases, as 
vein-stufi*, while quartz is wholly wanting. In flat sheets the 
minerals are sometimes arranged symmetrically. 

The principal ore in these deposits is a very pure galejia, poor 
in silver (*001 to *002 per cent.), crystallizing, jnincipally, in 
cubes. It is frequently accompanied by blende and zinc carbonate, 
the latter being called dry hone by the miners, on account of its 
cellular, bone-like structure. Iron and copper pyrites are com- 
paratively rare, but brown iron ore seems to constantly occur with 
the lead and zinc ores. Calcite and heavy spar are subordinate, 
while quartz and the compounds of lead with arsenic and ])hus- 
phorus are entirely absent. 

The occurrence of mammoth and other bones in crevices with 
the lead ore, as well as in the clay and sand near the surface, has 
been repeatedly noticed by those who iuive been engaged in 
investigating the geology of the lead region. Casts of fossils in 
sulphide of lead are not unfrequent in this region, a fact ^\]Jich 
is alone suflicient to demonstrate the acpieous origin of the ore. 

The first mining operations in Missouri were commenced in 
1720, the celebrated La Moite Mine being one of the most 
important opened at that period. The principal deposits are 
situated in Washington County, but there are some others in the 
Counties of Franklin and Jefferson. The geological position of the 
metallifenms d(q)osits of Missouri is very similar to that of the 
Mississippi lead mines. 

The total annual production of ktad in the United States 
during the year 1882 was 132,890 tons, of which more than one- 
half was produced in the western States and Territories. In the 
year 1882, Colorado produced 58,642 tons of metallic lead, and 
Utah 80,000 tons of that metal. 

Zinc. 

Ores of zinc^ arc widely distributed over the United States 
of America, but, with the exception of those situated in New 
Jersey, its deposits exhibit no features of especial interest. At 
the Eaton Mine, in New Hampshire, there is a vein six feet in 

^ J. D. Whitney, “ Metallic Wealth of the Uiiit(Ml Stalcfi," p. 347 ; It. W. 
Raymond, Zinc Deposits of Southern Missouii ; ” Trans, Amcr. JnsU Mmimj 
Engirveers^ vol. viii. 1880, p. 165. 
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widtli, traversing altered Palieozoic rocks, which consists chiefly 
of yellow blende, enclosing masses of argentiferous galena. Ore 
of a similar character is found at the Shelburne Mine, and at 
various other localities in the same State. At Warren there is a 
thick bed of black blende, associated with galena and iron pyrites. 
In the State of New York zinc ores have been obtained from 
mines in tlie vicinity of Wurtsboro', in Sullivan County, where 
they occur in a be<l parallel with the stratification of the Shawan- 
gunk Mountain. According to Professor Mather, it forms a 
segregated mass, varying from two to five feet in thickness, the 
larger portion of which consists of a siliceous rock, similar to that 
forming the roof and floor, containing fragments of greenish and 
blackish slates. The metalliferous constituents are blende, galena, 
copper pyrites and iron pyrites, associated with crystallized quartz. 
The leader of solid ore varies in tliickness from a mere trace to 
three feet. 

The zinc deposits of New Jersey are situated in Sussex 
County, on a range of hills, which, comimmcing near Sparta, 
extends in a southerly direction through Stirling to Franklin, 
where the deposits are worked. They occur in association with a 
white crystalline limestone, wliich can be traced from Orange 
County in the State of New York to beyond Stirling, and is 
probably of Lower Silurian age. An intrusive felspathic rock 
appears to form dykes in this limestone, which is tilted at a con- 
siderable angle. At Stirling Hill a bed of zinc ore rests with a 
steep south-easterly dip against a bed of franklinite, both exactly 
coinciding in dip with the bed of limestone in which they are 
enclosed. The ore consists of the red oxide containing 80‘2G per cent, 
of zinc, and 19‘74 per cent, of oxygen, and is found only in the 
State of New Jersey. The bed of franklinite on which the zinc 
ore rests varies from twenty to thirty feet in thickness. At 
Mine Hill, Franklin, the same succession of limestone and metal- 
liferous beds is to be observed, but the intrusive rock is there said 
to be syenite, the blue limestone having been converted into a 
white crystalline mass along the line of contact of the two rocks, 
and in this both the zinc ore and the franklinite are intercalated 
in the form of beds. 

Among the numerous deposits of zinc ore in the State of 
Pennsylvania those of the Saucon Valley, near Friedcnsville, are 
the most important. The ore there consists almost entirely of 
silicate of zinc, and is remarkably free from any admixture either 
of lead or iron. The deposits are in the form of included bed» 
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in a compact blue limestone of Silurian age, apparently tlie 
equivalent of the Calciferous Sandstone of American geologists. 

Lead mining in Missouri appears to have been considerably 
affected by competition with the mines of the western States 
and Territories; but simultaneously with this depression the 
development of new zinc deposits has caused a revival in 
this branch of industry. The zinc-bearing region in south- 
western Missouri is very extensive, the ores being chiefly carbonate 
and hydrous silicate of zinc. The deposits in the north and 
south-east of the State are said to be in Silurian rocks, but 
those of the south-west arc Sub-Carboniferous. This diflerence 
in age of the enclosing rocks does not, however, m‘cessarily prove 
a similar difference in the age of the deposits. The Sub-Car- 
boniferous limestone of the south-west is nearly horizontal, is 
characterised by numerous flinty segregations, and is ocA*,asionally 
shaly. In this formation occur the ore de))osits, which are irregular 
in shape and distribution, although but little is known of their 
extent. They appear, however, to be limited in height, width, and 
length, and to abut in all directions against barren rock. Iron 
pyrites is plentiful in a few mines only, but in some of them the 
ore consists of a porous skeleton of silica, the pores of which are 
filled with blende. From this to solid flint rock, with disseminated 
specks of blende, a.ll forms of transition arc observed. The pro- 
duction of miitallic zinc in the United States during the year 
1882 is estimated at 33,765 tons. 


Tin. 

The occurrence of tin ore in the United States is so rare that 
the search for it has almost been given up as hopeless, some 
authorities going so far as to say that it would never bo found in 
paying quantities. Tin ore has, however, been recently discovered 
in Alabama under somewhat promising conditions. During the 
past two years Mr. G. W. Gesner has been at work about two 
miles south-east of Ashland, Clay County, Alabama, putting up 
machinery preparatory to mining the tin ores found there. The 
property embraces nearly a square mile, and Mr. Gesner had 
recently forty-five stamps working. 

At Winslow, in the state of Maine, ^ veins of cassiterite traverse 
an impure, grey, micaceous limestone, which is found in many parts 
1 T. Sterry Hunt, Tram, Amer, ImU Mining Engineers^ vol. i. 1873, p. 373. 
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of this region, and is subordinate to the gneissic series. The 
veins, which are seldom more than an inch or two in thickness, are 
abundant through a considerable extent of the rock, and are 
interlaminated with it, occupying spaces between the sedimentary 
Jayers, which are distinctly marked by different shades of colour ; 
occasionally, however, they for a short distance cut across the 
stratification. The veinstone is purple fluor spar, white mica, and 
quartz. In this ganguc the cassiterite is disseminated in small 
crystalline masses, sometimes half an inch in diameter, together 
with a little mispickel. Dana mentions scanty occurrences of 
cassiterite at Paris and Hebron in Maine, and at Chesterfield 
and Goshen in Massachusetts. But none of these deposits have 
hitherto proved commercially valuable. There is an occurrence of 
tin oxide in Missouri which seems to be a replacement of titanic 
oxide in sphene, but which can only be regarded as a mineralogical 
curiosity. Tin ore occurs in the Brewer Mine, Chesterfield County, 
South Carolina (see page 555), but apparently not in workable 
quantities. 

Discoveries of stream tin have been made in Idaho, but no 
washings have yet been undertaken. Small pebbles of tin ore 
have also been found in Prickly Pear Creek, Montana. There 
is likewise a deposit of tin ore in the granite of the Teniescal 
Range, San Bernardino County, California. Some rich specimens 
have been obtained from this locality, and during the winter 
of 1860-61 a great number of claims were taken up. This 
excitement has however long since subsided, and it may bo con- 
cluded that the extent of the deposit was not large, since it would 
otherwise have probably been worked ere this. No tin ore of any 
commercial value was produced in the United States in 1881. 


Antimony. 

Antimony occurs in the north-western portion of Sonora, where 
a short range of mountains, the Sierra del Alamo Muerto, skirts 
the eastern shore of the Gulf of California at about thirty miles 
from the sea, and fifty from El Altar. On the northern flank of 
this range an area of considerable extent is strewn with quartz and 
a heavy yellow mineral. The latter is said to have been long ago 
amalgamated for silver, but to have 3 delded so base an amalgam 
as to have been rejected as an ore of silver. Its true character 
appears to have been overlooked until recently, when samples were 
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sent to England, and the value of the mineral as a pure oxide of 
antimony was at once recognised. Shortly afterwards arrangements 
were made with the owners to ship the ore for treatment to works 
erected at Oakland, California. There would appear to he three 
systems of veins within an area of about four square miles. 
The most northerly group, the San Josd, was in 1881 the most 
productive in antimony, but it carried no silver. The Santa 
Margarita group lies between the preceding and the Argentine 
group. Both the second and third groups are argentiferous, but 
the first, although containing no silver, was, when opened, richer in 
antimony than the two latter. The size and yield of the veins 
have proved very variable, but the area over which the mineral is 
found is so large, and the number of veins so great, that the 
district promises to be an important one, though, to what extent, 
more extended mining alone can determine.^ 

Ores of antimony likewise occur in the Coyote mining 
district, Utah Territory, where stibnite occurs in large quantities 
in the form of horizontal beds or layers, in a soft sandstone, 
which rises in precipitous bluffs on each side of the vjilhjy of 
(.Coyote Creek. This sandstone is underlain by a thin bed of 
limestone, and by a conglomerate of much worn and rounded 
([uartz boulders, forming the base of the blufts. The antimony 
occurs just above the junction of the sandstone with tlie limestone, 
and in some jdaces has been found in the conglomerate ; generally, 
however, the layers of antimony ore are enclosed in the sandstone. 
The thickness of these layers varies at different points from a few 
inches to about thirty inches. It may in some cases be thicker 
than this, and there are evidences of two or more beds, one 
above another. The workings have not yet sufficiently progressed 
to show the full extent of the beds as regards their thickness and 
number.^ Sulphide of antimony was discovered in South-western 
Arkansas in 1873, and since that date three mines have been 
opened, from which a number of antimonial minerals havti 
been obtained. The most extensive deposit is on the Stewart 
Lode, which was discovered in 1877, and courses N. 13° E., with a 
nearly vertical dip. This would appear to be one of the few 
localities in the United States where ores of antimony are found 
in workable quantities.® 

1 J. Douglas, Jun., Engineering and Mining Journal^ March 4th, 1882. 

® W. Blake, “ Eeport upon the Antimony Deposits of Southern Utah,” Kt;w 
Haven, 1881. , 

® C. P. Wiliams, ‘‘Antimony in Arkansas,” Trans. Amcr. Insi. Mining EngiThccrs^ 
vol. iii. 1875, p. 150 ; C. E. Wait, Jhid. vol. viii. 1880, p. 42. 
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Copper. 

The Lake Superior region ^ during the year ending June 1st, 
1880, furnished 90* ** 48 per cent, of the total amount of copper 
produced in the United States east of the 100th Meridian; but 
exclusive of the yield of the western States and Territories; 
California, Colorado, Idaho, Arizona, &c. 

This is one of the most productive copper districts in the 
world, the metal occurring in masses in bedded trappean rocks 
associated with interstratified sandstones and conglomerates. The 
copper is found almost wholl}- in the native state, and occurs not 
only in veins but also disseminated in amygdaloidal and con- 
glomerate rocks, on which some of the richest and most productive 
mines are worked. The Lake Superior copper belt extends from 
Keweenaw Point south-west to Wisconsin, and thence across the 
State to Minnesota. Its length is about 130 miles and its width six, 
occupying portions of the Counties of Keweenaw, Houghton, Isle 
Royale and Ontonagon. Beginning at the north-east many mines 
have been opened from Keweenaw Point to the south-west, in- 
cluding the celebrated Calumet and Hecla Mine in Houghton 
County. There are various mines in Ontonagon County, and 
others on Isle Iloyale in Lake Superior. 

Keweenaw Point is composed of two distinct formations; on 
the eastern side are sandstones, while on the western is an enormous 
development of alternating trappean rocks and conglomerates. 
The relative ages of these formations has given rise to much 
discussion. Both have been referred to the Potsdam epoch by 
Foster and Whitney, and by Sir W. Logan to the Chazy ; while 
Mr. Bell, of the Canadian Survey, considers the cupriferous rocks to 
be of Triassic age, thus agreeing with Jackson and Owen in a view 
afterwards abandoned by the latter. Pumpelly is of opinion that 
the cupriferous series was formed before the tilting of the Huronian 
beds, upon which it rests conformably ; and that, after the elevation 
of these rocks, sandstone and shales containing fossils, which show 
them to belong to the Lower Silurian period, were deposited as 
products of the erosion of the older rocks. It is, however, still 
uncertain whether they should be referred to the Potsdam, 
Calciferous, Quebec, or Chazy epoch. 


* J. D. Wliitney, “ Metallic Wealth of the United States ; " Raphael riim]>elly, 

** Copper-bearing Rocks,” Geol, tSurrey of Michigan^ vol. i. 1873. 
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According to H. Credner,^ copper occurs in this region in four 
different forms of deposit, namely : — 

1st. In true fissure veins which traverse the melaphyres and 
amygdaloids and are only productive in those rocks, but become 
contracted and pinched when they enter the diorites, and are 
totally unproductive as soon as they pass into the conglomerates or 
sandstones. In such lodes masses of native copper, each weighing 
many tons, are found associated with native silver, quartz, calcite, 
lauinonite, prehnite, apophyllite, natrolite, desmine, fluor spar, 
epidote, and chlorite. 

2nd. As entirely or partially filling vesicles in amygdaloidal 
melaphyres, as is the case not only in the vicinity of the lodes 
but also at considerable distances from them. At the Copper Falls 
Mine the amygdules are often entirely filled with native copper, 
but, when their filling is not exclusively metallic, the copper is 
accompanied by native silver, calcite, quartz, chlorite, lauinonite, 
prehnite, analcime, epidote, datolite, iron glance, &c. 

3rd. As an accessory constituent of an epidote rock lying in 
irregular layers between the various sheets of melajihyres. 

4th. As the cementing material, or an accessory portion of the 
cementing material, of a breccia occurring between the sheets of 
melaphyre. The Calumet and Hecla deposit is an example of 
such a metalliferous breccia. 

Crystals of silver, free from copper, are not unfrequently found 
deposited on copper containing no silver, and the masses of native 
metal usually exhibit, with electrotype fidelity, an exact cast of 
the surfaces of the enclosing rocks. 

When, as sometimes occurs, a mass of copper is met with, 
extending some twenty or thirty feet along the course of a vein, 
and weighing considerably above a hundred tons, its removal is 
attended by a certain amount of difficulty. In order to extract 
such a deposit of “ mass copper,'’ the ruck is first- stoped from one side 
of it, and the metal subsequently divided by means of cross-cut 
chisels, into fragments of such dimensions as to admit of being 
taken upon rollers to the shaft and tlicnce raised to the surface. 

The name of “ barrel work ” is applied to tlie smaller pieces of 
copper, each usually weighing a few pounds only, which are too 
large to go under the stamping mill, and are consequently picked 
out to be sent away in barrels. In the more productive mines, 
considerable quantities of this lump copper are obtained during the 
breaking and preparation of the “ stamp work.” It usually contains 
^ Neues Jahrh. fiir Mineral. 1869, p. 1. 
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from 60 to 70 per cent, of copper. The largest proportion of the 
cupriferous material, in all the mines of Lake Superior, consists, 
however, of stamp work, which requires to be broken into pieces 
of moderate size before being subjected to the operations of 
stamping and washing. 

The production of the Lake Superior Mines, during the year 
1882, amounted to 28,491 tons of copper, of which amount 16,027 
tons were supplied by the Calumet and Hecla Mine alone. 

Copper ores associated with quartz occur in true lodes in the 
State of Maine at Dexter, Lubec, Parsonsfield, and various other 
localities. 

According to the Census Bulletin, during the year ending June 
1st, 1880, three mines in Hancock County, employing ninety-seven 
workmen, produced 12,500 tons of rougli ore, equivalent to 41{r 
tons of metallic coi)pcr, worth $10,125. 

Several copper mines have been opened in the State of Mary- 
land, jiarticularly in the vicinity of Liberty and New London, in 
Frederick County. The ores, which principally consist of vari- 
ous sulphides, are enclosed for the most part in a mixture of talcose 
slate and limestone. At the Dolly Hide Mine, in this district, the 
workings are carried on upon a broad band of crystalline limestone, 
which, where best developed, is nearly 100 feet in thickness, and 
contains numerous paraded bands of ore mixed with a quartzose 
material coloured brown by the oxides of iron and manganese. TIjg 
rock on each side of the belt of limestone is an argillaceous slate. 
At the Springfield Copper Mine, in Carroll County, copper ore, 
chiefly in the form of copper pyrites, occurs in a vein running 
N. 25° E., with, for the first sixty feet, a dip south-east, and then 
becoming nearly perpendicular. This vein is at the surface from 
twenty to twenty-four feet in width, and was originally worked 
for iron ore. At Mineral Hill, near Sykesville, there are four 
veins enclosed in talcose and chloritic slates. In 1880 one mine 
in (yarroll County employing six men produced 82 tons of 
copper ore. 

The copper ores of Missouri, as well as the lead ores, are chiefly 
contained in Lower Silurian strata, which have been deposited in 
depressions of the Azoic rocks. Copper ore was first discovered in 
Ste. Genevieve County ^ in 1863 by a German farmer, who had 
occasion to make a road from his house into the neighbouring 
valley, and while so engaged noticed pieces of a green-coloured 

^ Frank Nicholson, “ A Review of the Ste. Genevieve Copper Deposit,” Trans, 
Amcr, Inst, Mining Engineers ^ vol. x, 1882, p. 444. 
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mineral, of which he collected specimens, which were subsequently 
forwarded to St. Louis for analysis. 

The Ste. Genevieve copper deposit occurs in the second of the 
Magnesian Limestone Series of the Lower Silurian system and 
in the immediate vicinity of the mines this rock attains a 
thickness of upwards of 250 feet. East of this the Carboniferous 
system is met with, and continues to the river above Ste. Genevieve, 
while below the town Quaternary deposits occupy the area included 
between Dodge Creek, Mill Creek, and the Mississippi RivxT. 
As far as can at present be determined, the copper deposit 
consists of two nearly horizontal beds of ore between strata of 
chert enclosed in Silurian limestone. Tlie uppermost of the 
two known cupriferous horizons, and that from which nearly the 



Fig. 90.— Ore dei>osit, Cornwall Mine ; vertical section. 


whole of the ore hitherto extracted from the Cornwall Mine has 
been obtained, is 250 feet above the bed of the stream traversing 
the adjacent ravine. The lowor level seam, that worked at the 
Swansea Mine, is at least 150 feet below the upper one. The 
principal ore is copiper pyrites, which is found in a massive form, and 
varies in thickness from three inches to several feet. Fio. 90, 

o ' 

after a sketch by Mr. Nicholson, taken in the Vall(5 drift of the 
Cornwall Mine, 250 feet from its mouth, shows the sequence and 
approximate thickness of the various strata in that locality. The 
ore is here compact copper pyrites almost free from gangue, but 
about fifteen feet from the point where tliis sketch was taken 
the ore seam is entirely lost, to again make its appearance at no 
very considerable distance. 
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During the census year, three mines in the County of Ste. 
Genevieve, employing eighteen persons, produced 1,051 tons of 
copper ore, representing 115 tons of ingot copper, worth $25,730. 

The most important copper mine worked in North Carolina is the 
Ore Knob.^ This mine is situated not far from the New River in 
Ashe County, North Carolina, and is on a true vein which cuts the 
strata of gneiss and mica schist of the region. These rocks dip 4 * 5 ° 
S.E., while the lode is vertical with a course N. 60° E. Both country 
rock and lode are decomposed down to considerable depths, the 
latter exhibiting a strong capping of gossan. At a certain depth 
the lode becomes charged with carbonate and red oxide of copper, 
which still lower down are replaced by rich sulphuretted ores of that 
metal. This deposit was worked irregularly before the Civil War, 
and was again opened in 1873. The outcrop has been traced 
for a distance of 1,900 feet, and copper ores have been met with 
in five different shafts within a distance of 661 feet. A drift 
has moreover been carried for the above distance through solid 
ore. The breadth of the lode varies from six to fourteen feet, 
and the outcrop of gossan is, in some parts, twenty feet in width. 
In 1874 the Ore Knob yielded a net profit of $60,302. 
Copper Knob, situated in the Blue Ridge, near the Ashe-Wautauga 
railway, is worked on a vein, or rather group of veins, of which 
the most important carries, in addition to quartz, erubescite, yellow 
copper ore, malachite, chrysocolla, specular iron ore and pyrites ; 
with occasionally free gold and silver. Two mines, both situated 
in Ashe County, giving employment to 328 persons, produced, 
during the year 1879-1880, 24,680 tons of ore, representing 820 
tons of metallic copper, value $350,000. 

In Montgomery and Chester Counties, Pennsylvania, cupriferous 
veins occur at or near the junction of the gneiss and New Red 
Sandstone. This metalliferous zone extends in a general east and 
west direction across the Schuylkill River, occupying a range of 
country some six or seven miles in extent. Within this space 
there are ten or twelve lodes, some of which are said to be 
confined to one formation and some to the other ; while others 
again traverse both. Professor Rogers states, as a general fact, that 
those veins which are confined chiefly or entirely to the gneiss 
bear lead ore as their most abundant mineral, while those which 
are restricted to the red shale usually contain more copper 
than lead. 

1 T. Sterry Hunt, ** The Ore Knob Copper Mine,’* Trana, Amcr, hist. Mining 
JUnginecrSf vol. ii. 1874, p. 123. 
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, During the census year one mine in Montgomery County, 
employing ten hands, produced 289 tons of ore, representing 20 
tons of ingot copper, value 15,630. 

Numerous deposits of copper ore are enclosed in the Huronian 
rocks of South-western Virginia, East Tennessee, and Georgia. 
This belt, which extends over a length of nearly sixty miles, 
has been worked, to some extent, at three different points, 
namely : — Carroll County in Virginia ; Ducktown in Tennessee, and 
Canton in Georgia. Of these deposits that of Ducktown has 
been the most extensively worked, and is consequently known 
to a greater depth and over a larger extent than is either of the 
other two. 

The cupriferous deposits of Tennessee' are situated in the 
immediate vicinity of the Ocoee River, in the extreme south-eastern 
corner of the State. The ores are contained in micaceous schists, 
which dip at a high angle to the south-east, have a strike of 
N. 20° E., and enclose lenticular ore masses which may be followed, 
with but comparatively few interruptions, for a distance of five 
miles. These, which sometimes attain a very consicicrablo length, 
with a thickness occasionally exceeding fifty feet, are at Ducktown 
arranged in three parallel zones separated from one anotlier by bands 
of uniiroductive rock. According to Whitney and Crodner, the 
metalliferous deposits of Ducktown are not only parallcd to one 
another but also to the strike and dij) of the enclosing rocks, and 
consequently in this respect resemble the great pyrites masses 
of Schmbllnitz, Rammelsberg, and Rio Tin to. Througliout the 
whole extent of their course these deposits exhi})it a remarkable 
uniformity in their formation. The outcrop is usually rendered 
conspicuous by a heavy gossan, by which the surface of the ground 
is often covered with masses of ferruginous material over consider- 
able areas. On sinking to a sufficient depth through this gossan, 
rx, the section represented in Fig. 91 is obtained. Beneath the 
ferruginous outcrop is found a horizontal bed of cupriferous ore, 
of variable thickness, and of a width corresponding to that of the 
vein. Immediately under the copper ore, and separated from it 
by a well-defined line, is the unaltered veinstone, c, consisting of 
an intimate mixture of common iron pyrites, magnetic pyrites, and 
a little yellow copper ore, associated with quartz and, occasionally, 
with actinolite. This undecomposed veinstone contains on an 
average about per cent, of copper, but richer patches of 

1 J. D. Whitney, Metallic Wealth of the United States, ’’ p. 322 ; H. Creduer, 
Bcr(j. umd. Hilftmm. ZeU. 18C7, p. 8 ; 1871, p. 870. 
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copper ore sometimes occur in the mass. The gossan, a, as well 
as the copper ore, mainly consisting of a mixture of the 
sulphides of iron and copper, often enclosing cubical crystals of iron 
pyrites, are evidently the result of the decomposition of the un- 
altered ore which once occupied their place. The sulphide of copper, 
forming a considerable proportion of the deposit has obviously 
been derived from the ore now converted into gossan; and, 
when stopping at Ducktown during the summer of 1857, 1 not only 
remarked that some of the springs in the neighbourhood of the 
deposits were highly charged with HgS, but also that this gas was 
in unusual quantities present in the mines. I was also informed 
by Captain Pill, then manager of the Hancock Mine, that, on one 
occasion, some men who were working on the black copper ore were 



Kia. 91. — Section of vein, Ducktown. 


for a short time driven from their work by a blower of sulphu- 
retted hydrogen. Another indication of the process by which these 
deposits of secondary mineral are produced is furnished in the 
fact that, wherever the walls, rf, of the deposits were crossed in the 
ore-bearing horizon by a fracture having a downward inclination, 
the fissure was invariably filled with copper ore of the class con- 
stituting the layer 5. As before stated, the bottom of the bed of 
copper marks the limit of the decomposition of the vein, and 
beneath this line the ore exists in its original condition. The depth 
to which decomposition of the outcrop has extended is variable, but 
is nearly identical with that at which water is first found. On the 
ridges the dej)th of the gossan may average from eighty to 
ninety feet, but in the valleys the depth is not more than thirty feet. 
At one place in the Hiwassee Mine the body of black ore was 
forty-five feet in width, and Professor Whitney estimated its 
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average thickness at two feet, although in many places it was mucli 
thicker. 

At first the facility with which this ore could be mined, 
neither deep shafts nor timbering being required, enabled large; 
quantities to be forwarded to Boston and elsewhere, in addition 
to that which was smelted upon the spot; but the beds of 
black oie became gradually exhausted, and at length nothing but 
the unaltered pyritic ore, r, remained. This has, at various times, 
been worked to considerable depths, but the results obtained do 
not, as a whole, appear to have been remunerative. 

Dr. Hunt regards the Ducktown deposits as fissure veins, thus 
disagreeing with tlie ojnnioiis of Whitney and Credner, who 
believe them to be lenticular masses. Dr. Hunt has, however, had 
the advantage of a great additional development of the under- 
ground workings and also of explorations by the diamond drill, 
and he declares these deposits to possess a banded structure with 
interstitial spaces, and that they contain vugs charactoristic of 
deposits posteiior in origin to the enclosing rocks. ] luring the 
census year only one copper mine was in oj>eration in tlio 
State of Tennessee; this was situated in Polk County, gave 
occupation to four men, and produced 204 tons of ore, of which 
the percentage is not given. 

According to Whitney, copper ores have been found in various 
localities in the State of Vermont. Copper pyrites com})arativcly 
free from iron pyrites occurs at Corinth, along a line extending about 
1,100 yards, and bearing N. 1 0° W. A considerable quantity of 
the ore from this locality was formerly serit to smelting works in 
Boston. During the census year, Vermont contribut(;d from one 
mine, in Orange County, employing 61 9 men and boys, 2<S,0.‘17 tons 
of copper ore, equivalent to 1,324 tons of ingot copp(;r, value 
$469,495. 

Copper ores occur in various places in Wisconsin, and among 
others in the neighbourhood of Mineral Point, where the ore 
occupies a fissure fourteen feet in width in Lower Silurian lime- 
stone. In 1841, in which year Mr. J. T. Hodge made an exami- 
nation of this region, the fissure, which had been traced for a 
distance of about a quarter of a mile and to a depth of fift(*en 
feet, was found filled with gossan enclosing lumps of green copj^er 
ore, beneath which was a mixture of clay and yellow ore. At 
that date about seventy-five tons of copper ore had been extracted 
from this deposit. During the census year, one mine in Iowa 
County, Wisconsin, produced 62 tons of copper ore, equivalent to 9 
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tons of ingot copper, value $1,549, and gave employment to seven 
men. 

The total production in the United States east of the 100th 
meridian was, during the census year, • 1,005,955 tons of ore, 
equivalent to 25,327 tons of ingot copper, worth $8,842,961.^ 


Iron. 

Masses of specular and magnetic iron ore of enormous extent 
occur in the Laurentian and Huronian formations of North 
America.^ Important ore masses of Laurentian age are found in 
the States of New York, New Jersey, and Pennsylvania; especially 
on Lake Champlain, in the highlands of New York, in New Jersey, 
and at Cornwall in Lebanon County, Pennsylvania. On Lake 
Champlain coarsely granular magnetic iron ore, which is sometimes 
rendered impure by the presence of apatite, occurs in lenticular 
beds interstratified in gneiss. In the New York and New Jersey 
highlands, syenitic gneiss contains beds of iron ore, which for many 
miles follow all the twistings and contortions of the gneiss. 
Magnetic iron ore is also found associated with the franklinite and 
red zinc ores of Franklin and Stirling, New Jersey. The most 
productive deposit of iron ore in the State of New York is at the 
Old Bed Mine, in Essex County, which in 1 879-1880 yielded 208,41 6 
tons, of the value of $744,344. The total output of iron ore in this 
State during the same year amounted to 1,262,127 tons. The 
number of iron-ore producing States is no less than twenty- 
three, and it will, therefore, be necessary to confine our attention 
exclusively to a few of the more important. 

The magnetic ores of New Jersey occur in the mountain 
range in the western part of the State, and occupy an area 

* In the Census Bulletin, from which the statistics relative to co}>per have been 
chietly derived, the yield is reduced to metallic copper, and its value is given at the 
mines, or at the point wliere it is no longer o])erated upon. In some instances 
both mining and smelting are carried on by the same establishment ; while in others 
the process of reduction is partially carried on at the mine, and the product shipped 
in the form of regulus. In other cases the ores of copper are mined and shipped with- 
out any preliminary reduction. Thus the industry, strujtly speaking, embraces both 
mining and smelting in a way which renders it impossible to separate the two. It 
follows that the only common unit to which these various products can be reduced 
is metallic copper, the value of which, to the mine producing it, varies greatly 
with the expense requiring to be laid out ui)on it before it reaches the market in the 
form of metal. 

2 T. Sterry Hunt, **The Cornwall Iron Mine,*’Tmw^. Ainer, Inst, Mining Engineers, 
vol. iv. 1876, p. 819 ; J. C. Smock, “The Magnetic Iron Ores of New Jersey," Ihid, 
vol. ii. 1874, p. 314; H. Newton, “Ores of Iron," Ihid, vol. iii. 1875, p. 360; 
R. Pumpelly and A. Schmidt, “ Iron Ores of Missouri,” New York, 1873 ; T. B. 
Brooks, “ Iron -bearing Rocks," Ceol, Survey of Michigan, 1873, vol. i. p. 9, 
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of 900 square miles, of which the average elevation is about 
1,000 feet above the sea level. Excepting the valleys towards 
the north-western border, which contain nuigiiesian limestone 
and Hudson River slate, the wliole range consists of crys- 
talline rocks closely resembling those of the Laiirent.ian forma- 
tion of Canada, distinct strati li cation being nearly everywhere 
observable. In the State GeologicjU Survey Rejx^rts thc'.se rocks 
are described as Arcluean, and it is in this crystalline ineta- 
morphic series tliat the magnetic iron ores are found. 

In Sussex County, New Jersey, there is a unhjue deposit of 
franklinite, a mineral much resembling magnetite, but in which 
part of the iron is replaced by manganese and zinc. This is a 
valuable ore as a source both of zinc white and of si)iegeleisen. 

Deposits of magnetic iron ore pass from New Jersey into 
Pennsylvania, and are extensively worked at Cornwall, in Lebanon 
County. The great South Mountain belt is com])osed of Laurentian 
rocks, in which are found the characteristic ores of the Highlands 
of New Jersey, New York, and the Adirondacks ; while Pennsyl- 
vania now j)roduces large (piantities of tlu^se ores, although the 
great area of ore-bearing Laur(uitian rochs within her borders still 
remains comparatively unexplored. 

Allot! ler class of crystalline iron ores, ch icily magnctiti‘S, 
appears to belong to a distinct ore-bearing horizon, and is Ibiind in 
Pennsylvania along botli borders of the Mesozoic Sandstones 
formation. These ores were referred by Ihofessor H. D. Rogcus 
to what he designated ‘‘Ihimal Slates, which lic' regarih'd as 
tlie lowest member of the PakTozuic series, though, by some 
later observeis, tlic Cornwall Mine and ciTtain related deposits 
west of the Sus(]uehaima Lave been referred to the Mesozoic, 
sandstones. 

The area of ore exposed at the remarkabhi deyiosit of mcagruitite 
of the Cornwall Mine, measures about 4,000 feet in a direction 
nearly cast and west, with a transverse breadth of from 400 to 800 
feet, and includes three hills, separated by two valleys running 
north and vsouth. These hills are due to a great ridge of eruptive 
rock, apparently dolerito, which, altliough now broken through by 
the valleys, was probably once continuous, and, having a curved 
form, has evidently served to protect the ore-bearing strata, whicli 
both on the east and west have been eroded and swept away in 
past geological ages. The ore is found in nearly horizontal beds, 
sometimes slightly contorted, and associated with layers of a 
greenish granular silicate, approaching hornblende in composition, 

r p 
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and, more rarely, with a chloritic mineral or with serpentine. Besides 
those minerals, iron pyrites, which is sometimes cobaltiferous, copper 
pyrites, malachite and red oxide of copper, are occasionally met with. 
The facilities for mining are very great, the horizontal layers being 
worked in successive benches, forming wide terraces on the hill 
side, accessible to railways and locomotives. Into the middle hill 
two borings have been sunk to depths resjDectively of 240 and 835 
feet bebnv water level, the whole distance being in iron ore. The 
strata here offer but gentle inclinations, so that these measurements 
do not materially exaggerate the real thickness of the immense 
mass of ore lying beneath the surface. The Cornwall Ore Bank 
is the most productive iron mine in the United States, and in 1880 
produced no less than 280,000 tons of ore, worth $500,000, and 
employed 135 miners. 

But few localities from which iron ores are obtained in the 
United States possess a higher degree of interest than the dej^osits in 
the Archican rocks of Missouri, among which the masses, chiefly 
of specular iron ore, worked at Iron Mountain and Pilot Knob are 
most conspicuous. There are also numerous beds of brown haema- 
tite in tlie PalaBOzoic strata capable of furnishing large quantities 
of good ore, some of which are being more or less actively wrought. 

The Iron Mountain, Saint Francois County, is the largest 
deposit of iron ore in Missouri, and is surrounded by hills com- 
posed, mainly, of the normal brown poridiyry of the district. A 
zone of red porphyry frequently mixed with iron ore runs along the 
northern side of the Iron Mountain, and sejjarates the ore deposit 
from the brown prophyry on the other side. In the eastern portion 
of the zone the porphyry is partially decomposed, while at one 
point, near its contact with a blue porphyry, it occurs in distinct 
layers several inches in thickness, and has been sometimes mis- 
taken for a limestone. The whole surface of the Iron Mountain 
is covered with surface ore of a similar character to that of the 
deposit itself. The main body of the hill consists of a loose clayey 
mass of decomposed porphyry, known as Uuff (the mullock of 
Australian miners), which is cut into two nearly equal portions 
by a vein of specular iron ore of from forty to sixty feet in thick- 
ness, striking N. 53° E. This vein is known as the hacldwne of the 
Iron Mountain, but the Uuff also contains numerous veins of from 
half an inch to ten feet in thickness, crossing the rock in various 
directions. The limits between these veins and the country rock 
arc sharply and well defined. The ore of the Iron Mountain is 
very pure and almost free from mechanical admixtures of foreign 
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Platter. Certain extraneous substances, liowever, occasionally occur 
in it, sucli as fragments of por2)liyry, ivitli crystals of apatite 
and quartz. The ore contains, on an average, C7 per cent, of iron. 

In the accompanying section of Iron Mountain,^ Fig. 02, a 
represents country rock, h iron ore, and c a fault. 

In 1870-1880 the Iron Mountain employed 300 miners, and 
produced 144,153 tons of ore, worth $l,0(i 1,801 ; a value greater 
than that of the production of any other mine in the State'. 

Pilot Knob is a conical liill of nearly circular form, having a 
diameter at the base of about one mile. The reek is composed, 
chiefly, of more or less massively bedded porphyi ies, ])or[)hyry- 
conglomerates, and beds of hard specular iron ore, all of whicdi an? 
somewhat tilted. Their strike is about N. 50° W., and their di]> 



towards the S.W. The top of the Knob consists of stratifi(‘d 
porphyry-conglomerate, with a thickness of 140 feet. Tliis con- 
glomerate is made up of pebbles of porphyry cemented together by 
iron ore, and also contains frequent independent layers and bodies 
of ore. The ore bed lies at the bottom of the conglomerate series, 
has a vertical thickness of forty-six feet, and is divided into two 
beds by a slate seam varying from ten inches to three feet in thick- 
ness. This seam, which is very persistent, lies thirty-one feet above 
the floor of the lower ore bed. The upper ore bed is more variable 
in thickness, having a regular floor, but no well defined roof. This 
bed of ore extends over an area of about 200,000 superficial yards. 

^ Pampelly and Schmidt, “Iron Ores of Missouri,” Geolofjiml Sxirvcy of Missouri, 
1873, p. 10. 
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The Pilot Knob ore differs somewhat from most other specular 
iron ores in its colour being either steel grey or pearl grey, with a 
very marked tint of blue. Its lustre is faint and scarcely sub- 
m(jtallic, while tlie structure is either crystalline or granular. The 
ore from below the slate seam contains an average of 60 per cent, 
of iron, while that above it averages about 53 jier cent, of that metal. 
During the last census year, Pilot Knob produced 52,761 tons of 
iron ore, wortli $115,093, and gave employment to 410 miners. 

In the decomjiosod porphyry of Iron Mountain} the ore often 
occurs in detacljed masses, which would a])pear to be segregations 
from a state of general diffusion throughout the rock. At Pilot 
Knob, on the contrary, the ore is distinctly bedded, and, although 
regarded by some who have studied the deposit as an impregnation 
of bedded porjdiyries, it is more j)robably a highly metamori^hosed 
stratified deposit of iron ore. 

The Huronian rocks of North America contain large masses of 
valuable iron ores, jmrticularly in tlie Southern Atlantic States, 
and on the south shore of Lake Superior. In the Southern States 
the rocks containing the ]^yrites beds of Ducktown also enclose beds 
of magnetite, but they are of comparatively little industrial im])or- 
tance. On the other hand, the Huronian deposits of the Lake 
Superior region are, with the exce})tion of those of Pennsylvania, 
the most ])roductivc in America. The iron-bearing rocks of Lake 
Superior correspond to the Huronian system of Canada, and 
consist of a series of extensively folded beds of diorite, (piartzite, 
chloritic schists, clay slates, mica schists, and graphitic shales, 
among which are intercalated extensive beds of several varieties 
of iron ore. One of the most extcns’ve, regular, and typical 
deposits of ore in tlie whole region is at the Champion Mine, thirty- 
three miles west of Marquette. The strike is here a few degrees S. 
of W., the dip 68° N., and the general form of the deposit that 
of a huge lenticular mass. The eastern portion of this is a black 
magnetic ore, while the western consists of a specular slaty ore con- 
taining some magnetite. Minor irregular deposits of pure ore, 
banded ore, and (piartz, together with magnesian schists, alternate 
and form a comparatively regular deposit. Overlying the ore on 
the north side is a hanging wall of grey quartzite, and immediately 
south of it is a banded (piartzose rock containing oxide of iron. 
Next towards the south, and overlying the whole formation, is a 
bed of diorite. In 1880 this mine produced 99,609 tons of ore, 
worth $355,748, and employed 350 miners. Granular and compact 
varieties of magnetic iron ore occur at tlie Michigamme Mine. 
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The ore bed is from seven to thirty-five feet in thickness, and 
extends for a great distance. The production during iho txuisus year 
was 66,158 tons, worth $212,652, and 107 miners were empUyed. 
Tlie most productive undertaking, working deposits of a similar 
class, in this region is the Republic Mine, which in 1880 produced 
224,000 tons of ore, worth $806,000, and employed 600 men. 
This is one of the largest masses of ore in tlu' United States. 

One of the most extensive, productive, and geologically in- 
teresting dejiosits in the ^larcjuettc Region is tlie Lake Superior 
Mine. The structure of the eastern half of this d('])(>sit is more 
complicated than that of any other in the district, and some 
questions connected with it still nmiain unsolved. In the western 
half is an ore-basin or trough, which abruptly narrows towards the- 
west. The outcro]q)ing edges of this basin diverge rapidly, and its 
bottom falls in the same way, showing the de]>osit not to be a vein 
but a stratified bed similar to those of the en(‘J()sing rocks. In 
the eastern half there has be(m sucli a gatluaing together, 
crumpling, scpieezing, and breaking up of tlu^ strata, as to luairly 
obliterate the stratification, and, insb^ad oi‘ the quartzite hitherto 
found overlying all these deposits of j'ich on*, there is here a 
magnesian schist. The Lake Superior Mine proihiced in 18711-1880 
215,930 tons of iron ore, worth $771,180, and employed 542 men. 

The centre of the Menominee iron n‘gion is about fifty miles 
south-west of Manpiette, and th(j same*- distance north of Menominee. 
The ores in this region occur in two paralhd belts running east 
and west, separated by a broad granitic an*a,. The south(‘rn b(‘-lt is 
probably the most regular, and one of the T)iost (‘xtensivc* iron d(j- 
posits on the Upper Peninsula. Like their equivalents in th(^ 
Marquette region, the ore strata of the Mcjnominee. district usually 
conform in their strike with the general trend of the beds, aTid dij> 
at high angles. In the census year the county of Manjiictte, 
Michigan, alone produced 1,374^812 tons of iron ore, a total more 
than double that of any other county in the United States, or 
17’25 per cent, of the entire production of the country. 

Brown hrematite is widely distributed in the United States, 
largo deposits of this mineral occurring in the Palseozoic limestones 
of Tennessee, North Carolina, and North-western Georgia. The 
lignites of New Mexico, Colorado, and Montana, are often 
accompanied by brown ha3niatite resulting from the decomj>osition 
of clay ironstones. This is also the case in the Appalachian 
region, and among the Carboniferous iron ore deposits of Ohio, 
Indiana, and Kentucky. Limonite occurs in dolomite associated 



582 


ORE DEPOSITS. 


[part II. 

with ziuc ores in Arkansas, and Texas is also abundantly supplied 
with ores belonging to this class. The principal deposit of spathic 
iron ore in the United States is at Roxbury, Connecticut, where, 
in association with quartz, it occurs in a vein traversing gneiss. 
Black band ironstone is of subordinate importance in America, 
but lias been found in the Coal-measures of Western Pennsylvania. 
Earthy carbonates of iron ore are abundant in Pennsylvania, Western 
Virginia, and Ohio. 

In the following table the various iron-mining States arc 
arranged in tlie order of their production. 


PllODUCTlOX OF JilON OllE IN THE UNITED STATES DURING THE YeAR 

1879-1880.^ 





§ 





Name of Staio. 

|5l 
3(5 & 

ti 3 
|| 

w 

Total product 
Tons of 
2,000 lbs. 

Value of 
Product. 

Total 

Nuiuber of 
Employes. 

1 

I’cTiiisylvaiiia . . 

34 

358 

2,185,075 

5,517,079 

8,733 

2 

Miclii^^aii .... 

2 

43 

1,834,712 

0,034,648 

5,562 

3 

Now York .... 

12 

78 

1,202,127 

3,054,422 

4,675 

4 

Now Jersey . . . 

6 

109 

757,372 

2,910,442 

4,811 

1,716 

5 

Ohio 

8 

30 

547,303 

1.209,530 

6 

Missouri .... 

8 

48 

380,197 

1,674,875 

1,893 

7 

Alabama .... 

10 

17 

191,070 

201,865 

738 

8 

Virgil lin .... 

9 

20 

182,326 

439,886 

939 

9 

Maryland .... 
Toiiii(‘ssoe .... 

.5 

13 

139,028 

421,091 

329 

10 

12 

34 

104,405 

147,181 

552 

11 

Ooorgia 

3 

7 

91,410 

143,622 

342 

12 

Kentucky .... 

4 

5 

04,809 

165,905 

226,130 

325 

13 

Alassacliiisotts , . 

1 

9 

02,037 

382 

14 

West Virginia . . 

6 

8 

01,210 

41,440 

101,557 

266 

15 

Wisconsin .... 

2 

2 i 

73,000 

62 

It) 

(-onnociicut . 

1 

4 

35,018 

147,799 

200 

17 

Oregon 

1 

1 1 

0,972 

4,009 

14 

18 

M aiiio 

1 

1 ! 

1 6,000 

9,000 

20 

19 

Texas 

1 

— i 

i 3,600 

8,100 

— 

20 

North Carolina 

6 

9 

i 3,318 

5,285 

47 

21 

Delaware .... 

1 

2 

i 2,720 

6,553 

47 

22 

Vermont . . . 

1 

1 

500 

2,750 

15 

23 

Indiana 

1 

— 

513 

1,018 

i “ 

1 


Totals . . . 

135 

805 

7,971,706 

23,108,007 

1 31,668 


A small amount of ore raised in Colorado is omitted, as it is used 
as a flux, and docs not, as yet, affect the iron manufacturing industry. 
In several of the States, especially Texas and Indiana, soft ores are 
^ Cemus Bulletin^ No. 270. 
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obtained from surface diggings. These are raised by farmers, 
during the intervals of agricultural employment, and the product 
drawn by farm teams to the nearest furnace and sold. 


General Summary op the Production op Metals, &c,, in the United 
States durino the Year 1882. 


Moiil or Ort*. 

Qaaiitiiy, 

Value. j 



$ 

£ 

Pig Iron 

4,(>2:hn23tons 

106,336,429 

21,267,286 

Gold 

l,.^»72,186oz. 

32,500,000 

6,500,000 

Silver 

;l(), 11)7, 61)5 „ 

46,800,000 

9,360,000 

Copper 

4.'>,823 tons 

16,038,091 

3,207,618 

Lead 

132,890 „ 

12,624,550 

2,524,910 

Zinc 

33,76.5 „ 

3,646,620 

729,324 

(Quicksilver 

4,033,998 l]»s. 

1,487,537 

297,507 

ic.kel 

1 140 Urns 

309,777 

61,955 

Cohalt 

i — 

1.5,000 

3,000 

Antimony 

I 60 „ 

12,000 

1 2,4.50 

Manganese ore 

i 3,500 „ 

52,500 

10,500 

Chrome iron orti .... 

1 2,500 „ 

100,000 

j 20,000 

Total value of Metals, &c., prodm^ed in 1882j 

219,922,504 

! 43,984,550 


The above table has been compiled from a n^portd by Mr. A. 
Williams, of tli (3 U.S. Geological Survey. In most casi^s tbe number 
of tons of ore mined is not given, but it is stated tliat 9,000,000 
tons of iron ore, worth {if32,400,000 were obtained during the year. 


DOMINION OF CANADA, &c. 

Ca.nada. 

The principal metallic and metalliferous productions of Canada 
are gold and silver, witli cojiper and iron ores ; but various other 
minerals, such as iron pyrites, blende and galena, likewise occur in 
considerable quantities, as does also apatite, which is mined for the 
manufacture of artificial manures. Although, however, the^c 
minerals sometimes occur in comparatively large quantities, Canada 
can scarcely be regarded as a metalliferous country of exceptional 
richness. 

1 “ The Mineral Resources of the United States,” Washington, : 
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T^.® ^“7“ y®” Lieutenant 

JWaeley, «.E., and since that period repeated examinations have 
Stown that this metal is by no means confined to tlie district in 
<|aration, but that it exists in the superficial deposits of a wide 
n^(ion on the south side of the St. Lawrence, extending from the 
St. Francis to the Etchemin Rivers, and from the first line of hills 
on the north-west to the limits of the province on the south-east. 
The original source of the gold would appear to be the crystallized 
schists of the Notre Dame Range j the materials derived from the 
disintegration of these rocks not only constituting the superficial 
material among the hills of this range, but also spreading over a 
considerable area to the south of them. The same gold-bearing 
rocks may be traced in a south-westerly direction, along the great 
Appalachian Chain, to the Southern United States. Gold has also 
been found in Canada associated with galena, blende, and pyrites, 
enclosed in well-defined quartz veins intersecting slates w hich are 
believed to be of Silurian ag6. At Nutbrown^s Shaft, situated in 
the township of Leeds, masses of gold, each weighing several 
dwt., were found associated with copper glance and specular iron 
ore, in a vein mainly consisting of a ferruginous bitter s])ar ; small 
scales of tlie same metal have also been found in the enclosing 
country rock. The rocks of this locality belong to the Quebec 
group, but the precious metal has rarely been found in place, and 
in Canada the working for it has been almost entirely confined to 
various superficial deposits of clay, sand, and gravel. 

Gold is found very generally disseminated throughout the 
alluvial deposits of the region of which the limits have been above 
roughly defined, and is not restricted to the river beds, as the forces 
which distributed the auriferous gravels were evidently anterior to 
the formation of the present water-courses of the country. Wlien 
the lighter portions of the gold-bearing gravels have been removed 
by washing, the residue is found to contain a large quantity of black 
ferruginous sand consisting of a mixture of magnetite, ilmenitc, 
chromite, and hsomatite, Avitli occasional small crystals of garnet, 
rutile, and zircon. The grains of gold arc sometimes angular, but 
are more frequently much water-worn, and vary in size from 
nuggets weighing several ounces to the finest dust-like scales. 

Gold has been found in tlie St. Francis Kiver from the vicinity 
of Melbourne to Sherbrooke, in the townships of Westbury, Weedoii, 
and Dudswell, and on Lake St. Francis. It has also been dis- 
covered on the Etchemin, and on the Chaudierc and nearly 
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all its tributaries, from the seigniory of St. Mary to the frontier 
of the State of Maine, including the Bras, the Guillaume, the 
Bivi^re des Blantes, the F amine, the Du Boup, and the Metgermot. 
Several attempts to work auriferous alluvial deposits have been 
made in the seigniories of Vaudreuil, Aubert-Gallion, and Aubert 
de risle, but have all been successively abandoned. The 
country people, however, still attempt, from time to time, the 
washing of the gravel, generally by means of a pan, and are 
occasionally rewarded by the discovery either of a little coarse <mld 
or of a small nugget. In the years 1851 to 1852 an experimental 
gold-washing on a somewhat considerable scale was carried out 
on the Riviere du Loup, near its junction with tlic Cliaudii^rc. 
The system of w^ashing adopted closely resembled that cmjdoyed 
in Cornwall for tin-streaming, but during the summer months 
the supply of water was occasionally very limited. In this way 
about three-eighths of an acre were washed away yielding 
105 oz. 7 dwt. of gold, of which eight ounces wore in the form of 
fine dust mixed with about a ton of black iron sand, tlic residue 
of the washings. Several nuggets weighing over an ounce wore 
obtained, and the total value of the gold coll(‘(;t(‘d was $1,82.0, 
while the expenditure amounted to oidy $1,148, leaving a gross 
profit of $G8G. 

In 1852 about five-eighths of an acre of gravel were waslied 
near this locality, and the total amount of g(dd obtain(‘d was 
144 oz., valued at $2,49G. Of this quantity 15 oz. 7 dwt. were 
in the form of dust mixed with iron sand, while anotlicr portion 
was in the form of nuggets. Nine of the largest of thcisc weighed, 
together, 28 oz. 8 dwt. ; of these the smallest weighed 11 dwt., and 
the largest G oz. 7 dwt. A little platinum and iridosmine were 
also obtained, but the quantity of these was small. The i)r()fit 
resulting from this operation amounted to $G08, but a p(jrtion of 
the expenditure was for the construction of a wooden flume for 
bringing water from a distance of about 900 feet. As these would 
be available for several successive years, a proper allowance made 
for them would increase the profit to about $680. It consequently 
appears that from an acre of gravel having an average tlii(*-kncss 
of two feet there was taken gold of the value of $4,823, while the 
cost of labour, after deducting all expenses not directly incurred 
in gold-washing, was $2,957, leaving a gross profit of $1,3GG. The 
fineness of the gold-dust obtained was 871.^ 

The rocks upon which the gold-bearing gravels of Lower 

^ Geological Survey of Canada: Bepwl of Progress^ p. 741, ]\Tojitrcal, 1803. 
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Canada usually repose contain various reefs or bands of quartz, 
which generally follow the direction of their stratification, namely, 
north-east and south-west. 

Although these veins present numerous outcrops, both they and 
their enclosing rocks are more frequently concealed by a covering 
either of vegetable soil or of superficial drift. Tliese veins would 
appear to be most plentiful in the slates and sandstones of the 
Quebec group, but their thickness and aspect are extremely 
variable. The quartz is generally white, but is sometimes coloured 
by oxide of iron resulting from the decomposition of pyrites, which 
often leaves cavities, imparting to the mass a somewhat cavernous 
structure. Some of these veins are, on the one hand, composed 
almost entirely of quartz, while others, on the other, contain various 
metallic sulphides, such as iron pyrites, chalcopyrite, galena, 
blende, &c. with frequently a little gold. The auriferous quartz 
veins of Lower Canada exhibit no unusual features, and it is 
believed that at the present time none of them are being worked 
for gold. 

Mr. A. Michel, who reported in 1866 upon the gold-fields ot 
Lower Canada, states that the acquisition by American companies 
of a groat part of the auriferous lands along the borders of the 
rivers Chaudi^re, Famine, Du Loup, and their numerous tributaries, 
as well as the sale made by the Messrs. De Lery to another company 
of the mining rights of the seigniory of Vaudreuil (Beauce), might 
have been expected to have given an impulse to the working for 
gold in this district. Such however had not been the case, none 
of the companies, since their organisation, having undertaken any 
serious explorations of their properties, while at the same time the 
country people had abandoned their search for alluvial gold, and 
the influx of strangers (who came there for the same purpose in 
great numbers in 1864) had entirely ceased in 1865.^ 

A belt of gold-bearing quartz veins is stated to occur thirty 
miles north of Bclville, in the township of Marmora, Ontaido. 
These reefs are, for the most part, conformable with the strati- 
fication, and contain gold in association with various arsenical sul- 
phides. The Huronian slates which extend a considerable distance 
north-west of the head of Lake Shabendowan, are of special 
interest as containing numerous veins, of which some are auriferous. 
A large number of these veins has been discovered, all of 
which have an east- north-east direction in conformity with the 
strike of the beds. The veinstone consists uniformly of quartz, 
^ Geological Survey of Canada : Report of ProgresSy p. 49, Ottawa, 1866. 
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containing copper pyrites, in which the gold when present is 
enclosed, or it is disseminated through the quartz in such a state 
of fine division that its particles cannot be detected by the aid of 
a hand lens.^ 

Gold milling is not, however, carried on with any degree of 
activity in Canada proper, and the annual jn'oduction of gold 
is not considerable. 

Silver. — The rocks which immediately surround Thunder Bay, 
on the north shore of Lake Superior, belong to the so-called 
‘Lower’’ and “Upper Copper-bearing Series ” of Canadian geo- 
logists. The relations existing between these two groups have 
not been satisfactorily determined, and the age of both is still a 
matter of opinion. 

The Upper Copper-bearing Series consists essentially of dolomitic 
sandstones, reddish limestones, indurated red and yellowish marls, 
red sandstones, and conglomerates with interstratified traps. They 
have generally been regarded as corresponding either to the 
Potsdam Sandstone or to some of the lowest members of the 
Lower Silurian formation, but Mr. R. Bell, of the Geological Survey 
of Canada, some years since put forward the opinion that tluy are 
really of Triassic or Permian age. This view of the (piestion is not, 
however, generally accejited. 

The Lower Copper-bearing Series is well exposed on the north 
shore of Thunder Bay, and extends beyond its limits as far west- 
ward as the mouth of Pigeon River. The series consists, in ascend- 
ing order, of : — (1) green siliceous conglomerates containing pebbles 
of quartz, jasper, and slate; (2) grey and black chert-bands 
separated from one another by thin courses of dark grey dolomite ; 
(3) black shales and flags with associated hornblende traps ; (4) 
grey argillaceous saTidstones and sliales. No organic remains have 
been discovered in any member of the Lower Copper-bearing Series 
of Thunder Bay. Its entire thickness is probably about ],5()0 feet, 
and the general strike of the rocks varies from, approximately, 
east and west to about north-east and south-west. The whole series 
is traversed by dykes of trap, and there are several interstratified 
beds of that rock. 

The Lower Copper-bearing Series is i>enctrated by numerous 
mineral veins, of which the majority run along the strike of 
the beds, having a general east-north-east and west-south- west 
direction ; but there is also a set of transverse lodes of which the 

^ H. Alleyiie J^icholsoi], “ On the Geology of the Thunder Ray and Shabendowau 
Mining Districts,” Quart, Jour. Geol, Soc., vol. xxix. 1873, p. 16. 
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direction approaches more nearly to north and south. One of 
the most important of the series of veins which follow the strike 
of the stratified rocks and have a general east and west direction, 
is the Shuniah Vein, which has been worked upon at several 
points along its course. It is enclosed in the Lower Copper- 
bearing rocks of the north shore of Thunder Bay, running nearly 
parallel to the shore, and at a distance inland of from one and 
a half to two miles. At the Shuniah Mine itself, the vein courses 
nearly east and west, and is almost vertical ; its width is about 
twenty-two feet, and the veinstone mainly consists of calcite. 
Quartz and fluor spar are, however, occasionally present, and iron 
pyrites often occurs in considerable abundance. Silver is present 
both in the native form and as sulphides, some specimens being ex- 
tremely rich. This vein is enclosed in hard black shales, but a 
large mass of hornblendic trap lies about fifty feet to the south ; 
the lode docs not, however, exactly conform to the strike of the 
beds, so that in following it westward a point is reached where the 
trap forms tlie foot wall of the vein. Like the majority of the lodes 
on the north shore of Lake Superior, the Shuniah Vein is of a 
brecciated character and contains numerous fragments of the 
country rock. At all points, where it has been oj^ened upon, this 
vein lias been found to contain silver either in tlie metallic state 
or in the form of argenlibc. 

Of all the silver-bearing lodes worked in this region the 
most important is perhaps the Silver Islet Vein, situated on 
a small rocky island immediately south of Thunder Cape. 
Silver Islet is three-quarters of a mile from the mainland, and 
is much exposed to storms from the west, south-west, and east. 
The island measured originally about ninety feet each way, and 
rose only eight feet, at its highest part, above the level of 
Lake Superior. The whole of the rock is now enclosed, and 
is citlier covered by works and buildings connected with the 
mine or by newly made ground. The course of tlie vein is about 
N. 35° W., and its dip 85° towards the south-east. Its greatest 
width is on the north-western side of the islet, where, as is 
seen in Fig. 03, it divides into two branches, one of which crosses 
the islet while the other keeps on the western side of it under 
water. The southern part of the latter branch has always carried 
the richest ore, the northern branch being less rich, while the 
whole of the vein to the westward is almost entirely barren, con- 
sisting mainly of large masses of calc spar, with a little quartz and 
a few cubes of galena containing mere traces of silver. Particles 
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of. silver ore are frequently found iu small feeders in the 
country rock between tbe two branches of the vein, and fragments 
of the^ same rock, associated with graphite, are often enclosed in 
the veinstone. 

The metalliferous minerals contained in the veins are native 
silver, silver glance, tetrahedrite, domeykite, galena, and blonde, with 
iron and copper pyrites, and small quantities of the ores of cobalt 
and nickel. One of the rocks intersected by the vein is a diorito 
in the form of a dyke, which differs in some respects from the 
other eruptive rocks of the district. The silver vein is a true lode, 
cutting through the horizontally bedded schists as well as tlie 
dyke of diorito, which, although an eruptive rock, has not in any 
way tilted the schists on edge. The deepest workings are 1,1 (iO 



feet below the surface, and the longest drift on the course of the 
vein is 1,250 feet in extent. 

The fissure in whicli this vein has been formed is also a line 
of fault, which has moved the rocks as shown in Fig, 04, wliich 
indicates roughly the positions of the rocks and lode below tlie 
“ 5th level.’’ The most productive portion of the vein is markfid 
in Fig. 03 by cross-hatching, and it is worthy of notice that 
the rocks intersected by tlje diorito arc not highly inclined 
crystalline slates, but unaltered and almost horizontal ilagstones and 
shales. From the date of its first discovery, in July 1868, to the 
end of December 1882, this vein had yielded silver to tJje value of 
three and a quarter million dollars, or above £650,000. 

The Silver Islet Vein has, on one occasion, exhibited a 
l)henomenon which is worthy of notice, and which has been 
described by Mr. Fruc, who was local superintendent at the time 
of its occurrence. On December 28th, 1875, while a party of 
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miners were engaged in drilling a hole in the end of the dr ft 
at the “8th level/' the drill broke suddenly into a crevice. Water 
at once commenced to flow, but not in any large quantity, and, 
not being aware that it was accompanied by an escape of gas, 
one of the miners took a candle to look at the hole. The gas 
instantly took fire, sending out a flame of many feet in length, 
tlie miners having to throw themselves on the bottom of the 
level to escape injury, and there remain until the flame had 
subsided. After having somewhat got over their astonishment 
they returned to the drift, and when still at a distance of several 



Fio. 04. — Fault, Silver Islet. 


feet from the end the gas again ignited. They afterwards walked 
into the level without a light and stopped the hole with a wooden 
plug. On subsequently applying a lighted candle to the im- 
perfectly plugged hole, however, the gas again took fire, giving 
a jet of flame about a foot in length, which burned for several 
weeks.^ 

Native silver occurs in small quantities in several other localities 
on Lake Superior, as at St. Ignace Island, Spar Island, and 
Michipicoten Island; the copper ores of the Eastern Townships 
are likewise often to some extent argentiferous, and galena 
containing silver is found in various parts of Canada. No 
lead mines have hitherto been successfully worked in Canada, 
and the proportion of silver present in the ores is not often 
large. 

' Thomas Macfaiiane, “ Silver Islet,” Trans. Amer, Inst. Mining Enginsersy vol, 

viii. 1880, p. 226. 
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Copper. — The copper ores of the Quebec group of Lower 
Canada occur chiefly as interstratificd beds, and are often found in 
the limestones of this series. These limestones are generally 
magnesian, and are frequently associated with serpentines and 
diorites, both of which occasionally contain copper. These rocks 
are accompanied by slates which in many places are thcinselv('s tlie 
copper-bearing strata ; but they are sometimes so altered as to take 
the form of chloritic or micaceous schists. The latter are in some 
cases soft, with a pearly lustre, and are then known as nacreous 
slates. At other times these rocks are highly siliceous, so tiiat it 
not unfrequently happens that the copper-bearing bed presents tlie 
appearance of a micaceous quartzite. Bods of talcose slate and 
steatite likewise occasionally contain copper, which is also some- 
times found in the red and green argillites of the series. The 
chloritic schist occasionally becomes calcareous, and gradually passes 
into an impure limestone. The metal occurs throughout these 
rocks in the form of erubescite, chalcocite, and copper pyrites. 
Malachite, azurite, and cuprite are met with in small quantities, 
but oidy near the surface. 

Native cop])er, so abundant in the rocks on the soutlnun shore of 
Lake Superior, is seldom met with in Easteni Canada ; it, however, 
sometimes occurs in small quantities in certain red slates. At St. 
Flavien it is found associated with calcite in an amygdaloidal rock, 
under conditions closely resembling those which obtain in more 
western regions. In many paits of the district the coi)per-bearing 
beds are traversed by veins which, in some cases, do not contain 
any metalliferous mineral. Sometimes, on the contrary, they carry 
large quantities of rich ores, and molybdenite, spathose iron ore, 
and gold have also been found in these veins. They are seldc m 
continuous for any considerable distance, and the most persistent 
source of copper ores in this region has been the metalliferous beds. 
In some cases, as in Sutton and Melbourne, the C(q)per ore occurs in 
certain beds of dark-coloured slates in a state of such fine division 
as to be only visible upon close inspection, although the rock may 
contain from 5 to 10 per cent, of copper. In the magnesian lime- 
stones a schistose structure is sometimes observable, and the copper 
ore is occasionally distributed through them in the same way as it 
is in the slates. They are, however, more frequently massive, and 
the ore often occurs in nodules or as grains irregularly disseminated 
throughout the rock. In these limestones, as well as in the more 
schistose strata, there are veins in which the ores of copjjer are 
concentrated in a gangue of bitter spar, calcite, or quartz. Some- 
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times, as at the Acton Mine, ores of copper form the cement of^a 
limestone conglomerate. 

In Leeds the copper-bearing rocks are exposed in a greater 
number of places, and have been more carefully examined, than in 
any other locality. The explorations at the Harvey Hill Mine are 
the most extensive which have been made in the Eastern Town- 
shi 23 s, and have resulted in opening out some very interesting 
deposits. The copper ores of this locality occur both in veins and 
in beds ; the strata, for the most part, consisting of fine-grained 
micaceous schists, which from their unctuosity are frequently called 
talcose, although they are not usually magnesian. A bed of steatite 
forms, however, one of the members of the series, and bands of a 
dark kind of argillite are sometimes met with; while other beds, 
either white or light grey in colour, contain nodules of chloritoid 
and, less frequently, crystals of schorl. The dip of the strata is 
from N. 10° to 65° W., with an inclination varying from 15° to S0“. 
The lodes are irregular lenticular veins, which do not coincide 
with the strata either in dip or in direction. They generally run 
about 20° E. of N,, although the course of a few of them is more 
nearly east. Their dip, at varying angles, is usually towards the 
west. Some of these veins, which appear to have filled fissures in 
the slates, have been traced on the surface for a distance of 100 
fathoms. They are occasionally, in their thickest parts, from six to 
seven feet in width, but gradually thin out both horizontally and 
ill depth. These veins, of which the gangue is princijially tpiartz, 
more or less mixed with calcite, pearl sj)ar, and chlorite, often 
contain very rich ores of copper, some of them yielding erubescite, 
or clialcocite, or both, while others afford copper pyrites only. 
Within an area of about thirty acres open cuttings were made 
upon as many as fifteen distinct lodes, and shafts were sunk upon 
two others. Notwithstanding that these lodes were sometimes 
found exceedingly rich, tlie distribution of copper in them was so 
uncertain that they were regarded as secondary in imi:)ortance to 
tlie interstratified beds, in which ores of copper are disseminated 
in the slaty rock. The first of these beds, three in number, 
varies in tiiickness from two to six feet, and was found on sinking 
near the summit of the hill at a dejith of fifteen fathoms below 
the surface. Beneath this are some fathoms of barren slates, and 
then a thin layer of cupriferous rock resting upon a bed of steatite. 
Another ore bed w\as subsequently struck at a still greater depth 
of about twenty fathoms. From the uj^permost bed a considerable 
amount of ore was extracted through Kent’s Shaft, at about twenty 
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fathoms from the surface. The second bed, that lying upon the 
sbapstone, should be sixty fathoms from the surface at this point, 
while the lowest will be still deeper by about twenty fathoms, or 
will have a depth of eighty fathoms from the surface at Kent’s 
Shaft, The copper ores are disseminated through these slates in 
small masses, often of a lenticular form, running parallel to the 
bedding of the rocks. 

In the accompanying section, Fig. 95, of the Harvey Hill Mine, 
a, 5, and c represent the three cupriferous beds, d, quartz veins or 
lodes, and e, Kent's Shaft with its various cross-cuts.^ 

In stoping to the west of Kent’s Shaft an unusual phenomenon 
attracted attention, and was at first ascribed to the presence of an 
ordinary bunch of ore. This is described by Mr. J. Douglas, jun., 
as having first broken through the floor of the bed and appearing 
as though it had discharged its cupreous solutions into the lowest 
layers of the slates. As it was followed in stoping, it worked its 



Fio. 95.~Harvey Hill ; transverse section. 


way up through the slates, and assumed the features of a lode with 
well-defined walls, terminating in the bed, into which it appeared 
to have poured its contents. The course of the copper ore, bitter 
spar, and calc spar, as they penetrated from the lode among the 
slates, could be readily traced, and Mr. Douglas is of opinion that 
the bed had derived its metalliferous constituents from the veins. 
He adds that subsequent observations tended to strengthen this 
opinioii.2 observations of Mr. Douglas, and the conclusions 

to which he has arrived, are of great interest, and are worthy of 
due consideration ; but, after having, on two occasions, spent several 
days at Harvey Hill, I am inclined to believe that the various 
phenomena described may be equally well accounted for upon the 
hypothesis that the copper ores of the veins were derived from the 
stratified beds. 

’ Oeol Survey of Canada: Report of Progress, p. 727, Montreal, 1^3. 

* James Douglas, jun., “Notes on the Copper Deposits at Harvey Hill, Irans, 
Lit. Soc. of Quebec, 1871. 

Q Q 



At tlie Acton Mine, limestone is seen dipping to the nortli-wesfe, 
the hill south-east of the workitigs being composed of the massive 
beds making up the lower portion of the formation. The Copper- 
bearing Limestone overlies this, and occurs in irregular elongated 
masses running parallel to the great body of limestone beneath, 
but varying from it both in thickness and in structure. TJie 
upper limestone at this mine is underlain by shales, which often 
contain more or less copper ore, and are also sometimes to a small 
extent interstratified with the limestone. With these shales occur 
beds and masses of diorite which weather to a brownish-yellow 
colour, in that respect resembling many of the serpentines of tlio 
district. Some of the masses of diorite seen in the Acton Mine are 
150 feet in length by 50 feet in thickness, but thin beds of the 
same rock are occasionally interstratified with the slates. In 
some portions of the diorite masses of calcite are dissem- 
inated, thus giving to it the character of an amygdaloid, and 
imparting a cellular aspect to the weathered surfaces. At other 
times the copper-producing rock would appear to be a con- 
glomerate containing small pebbles, the longer axes of which lie in 
the direction of the bedding. Diorites similar in character to those of 
Acton, and occu})ying the same stratigrapliical position, occur with 
the Copper-bearing Limestones at Upton, Wickham, Somerset, 
Nelson, and St. Flavien, and the fact that at the latter place, as 
well as at J3rumiiiondville, they contain copper ores gives to these 
rocks considerable economic importance. 

Portions of a cupriferous slate arc sometimes interlaminated 
with the beds at the base of the limestone, as well as with the 
underlying diorite. Several dislocations, although none of them 
of any considerable magnitude, occur at this locality. Some of 
these appear to follow the strike of the bedding, while others occur 
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yi two groups of nearly parallel faults, each of which is oblique to 
the other, as well as to the strata. These dislocations disturb the 
continuity of the Copper-bearing Limestone, causing the diorite, 
and even the upper portions of the limestone, to protrude into 
or to interrupt the ore-bearing beds. The underlying limestone 
is often intersected by quartz veins, which occasionally contain 
spots of galena or copper pyrites. The workable copper ore 
is chiefly found in the conglomerate above mentioned, of which 
it sometimes constitutes the cement; it also occurs in portions 
of the limestone in the immediate vicinity of, or partly sur- 
rounding, the conglomerate. Short irregular veins, containing 
calcite and sulphides of copper, sometimes enclose a black graphitic 
substance. 

The most important masses of ore occurred in th (3 form of three 
large bodies, extending over a length of about 120 fathoms, and 
may have originally belonged to one continuous stratum subse- 
quently divided by dislocations. Of tliese masses the most 
northerly, which began with a (hq>th of a few inches, gradually 
extended to a horizontal distance of forty fathoms with a thickness 
of forty-five feet. Upon this an open cutting was ma.do to a depth 
of twenty feet, at which point the limestone had become reduced 
to a thickness of only four feet. In the north-eastern part of the 
open working referred to, a shaft was sunk upon the dip of the 
limestone to a depth of about ninety feet from the surfece, wh<‘re 
the bed was twenty-four feet in thickness, but poor in copper. At 
a deptli of sixty feet a level was drivcm about thirty feet wc^stwaid, 
where the limestone, wliich was there sixteen feet in tliickness, was 
cut oif by the overlying shale. Tlie ores from this and from the 
other two deposits were extracted by means of irregular workings, 
but in the aggregate yielded a largo amount of rich co]>p(u* ores ot 
exceptionally good quality. From the three masses at the Acton 
Mine,i 16,300 tons of 12 per cent, ore were obtained and sent to 
market; but in the year 1860 all tlie available d(‘posits had become 
exhausted, and no exploratory wwk for the discovery of others 
having been executed the mine was abandoned. 

The distribution of copper throughout the rocks of the Quebec 
group is very general, and, according to Sir W. E. Logan, w^ould 
appear to indicate that this metal was almost everywhere present 
in the waters from which these strata were deposited 

The copper-bearing veins which traverse the Huronian rocks on 

^ OeoL Survey of Canada: Report of Prog)'CPS, S09, Ottawa, 1866. 

2 Ibid, 1863, p. SI 5. 

Q Q 2 
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the north side of Lake Huron, at the Bruce Mines, and several 
adjacent localities, contain, in a ganguo of quartz, copper pyrites 
mth,iiear the surface, chalcocite and erubescite, which are generally 
massive but in some cases crystalline. Heavy spar, calcite, and 
pearl spar are also occasionally present. The two lodes which 
have been worked vary from two to four feet in width, and the 
proportion of ore in them, as compared with the other vein-stuff, 
was at one time very large. The total quantity of ore obtained 
from this mine, from the date of its commencement in 1847 to the 
beginning of 1863, was about 9,400 tons averaging 18 per cent, of 
copper. 

To the north-west of the Bruce Mines are the Wellington 
Mines, in which the veins closely resemble those of the Bruce, 
of which they are probably a continuation. The same veins extend 
into the adjoining property known as Huron Copper Bay. These 
veins, which were worked for many years with varying success, 
appear to have become impoverished in depth, and the mines 
have now for some years been abandoned. 

The Wallace Mine is situated on the shore of Lake Huron, 
about a mile west of the mouth of White Fish River, on the north 
side of the bay. The strata here consist of quartzose and chloritic 
slates dipping northward at a high angle, and include a large mass 
of greenstone running with the strike of the rocks. Strings and 
bunches of copper pyrites occur in this locality, both interlaminated 
with the schists and disseminated in the greenstone. At a distance 
of a mile and a half further east, and near the base of the hills, 
two large veins containing iron pyrites with a little yellow ore are 
said to occur. 

On the north side of the island of Michipicoten is a cliff from 
two to three hundred feet in height in which the greenstone is 
marked by druses containing analcirne and quartz. A soft amyg- 
daloidal bed containing native copper is traceable for some miles 
along the shore, sometimes beneath the surface of the water in 
the bays, and at others running a short distance inland. In this 
bed an attempt was, a few years since, made to work a remark- 
able deposit of native copper and silver disseminated in grains 
through hydrous silicate of nickel. The ore was first stamped, 
and the nickel ore, the value of which was not suspected, was 
washed away, leaving a metallic residue consisting of a mixture of 
native copper and native silver. After fusion this residuum yielded 
an alloy of copper and silver, in which the latter metal was, in one 
instance, present to the extent of nearly 12 per cent. A shaft 
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was sunk to a depth of about twelve fathoms, but after a consider- 
^le outlay the workings were ultimately abandoned. Very little 
is known relative to the mode of occurrence of this singular deposit, 
which is said to be associated with calcite. 

Iron. — The iron ores of Canada possessing economic importance 
are magnetite, red hoernatite and limonite. Spathose iron ore has 
not been observed to occur in any considerable quantities. The 
most abundant iron ore of the province is probably magnetite, 
which is found only in crystalline and rnetamorphic rocks. It 
occurs in the Laurentian series, and in the rocks of the eastern 
PalsBOZoic basin. A description of the principal deposits of this 
ore would occupy much more space than can be devoted to the 
subject, and, consequently, a few only of the more remarkable will 
be mentioned. 

At Grenville a bed of iron ore, from six to eiglit yards across, 
occurs in a gneiss which is interstratified with numerous bands of 
quartzite. It has been traced for a distance of about 850 yards on 
its strike, the accompanying beds being cut oft‘ at either end by a 
mass of intrusive syenite. A largo deposit of magnetic iron ore 
likewise occurs in the township of Hull, and is said to have been 
again met with at a distance of about a mile on tlni other side of the 
hill. The ore is found in syenitic gneiss interstratified with a white 
crystalline limestone containing mica and grai)hitc, and forms a bed 
about ninety feet in thickness. This appears to have been brought 
to the surface on the crown of an anticlinal curve, through which 
appears an underlying bed of crystalline limestone. The ore is 
coarsely granular and very pure, but is in some places associated 
with scales of graphite. In the year 1854 this deposit was opened, 
and was worked for about four years for the purpose of supplying 
certain furnaces at Pittsburg, Pennsylvania; but in 1858 the 
workings were suspended on account of the discovery of the 
Newborough Mine, which is more conveniently situated for the 
transport of ores. 

An important deposit of magnetic iron ore occurs on an island 
in Mud Lake, on the Rideau Canal, near Newborough, It forms 
a bed 200 feet in thickness, running north-east and south-west 
in gneiss adjoining a crystalline limestone. 

At South Sherbrooke a bed twelve feet thick of magnetic iron 
ore occurs in gneiss, and in the vicinity of Madoc there is another 
bed from which ore was formerly brought to that village, where it 
was smelted in a blast furnace and yielded iron of excellent quality. 
This bed appears to be enclosed in a soft black micaceous rock, and 
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to follow a course somewhat south of oast.. The greatest thickness 
of this deposit is thirty feet, but it would probably average aboift 
twenty feet. 

The magnetite formerly smelted at Marmora was obtained from 
Belmont, and the dejwit, which is generally known as the Bi^^ Ore 
Bed, is commonly said to bo 100 feet in thickness. It is not, 
however, a single bed, but a succession of beds of ore interstratifiod 
with layers of talcose schist and crystalline limestone, with which 
are associated serpentine, chlorite, diallage, and a greenish epidotic 
rock. 

Red haematite not uiifrequently replaces magnetite in rocks of 
the Ijaurentian series, and an important deposit of this ore occurs 
in the township of McNab. The bed of ore, which is thirty feet 
thick, rests upon crystalline Laurentian limestone, and is overlain 
by a tnagnesian limestone of Lower Silurian age. To the west- 
ward this bed has been traced for a distance of about a hundred 
hut ia the opposite direction it is concealed by a marsh. Tiie 
cm is usually compact and has a purjde tint, but occasionally it 
wbibita a finely crystalline structure. Its yield of metallic iron is 
umally about 50 per cent. 

T!ie red bicmatite ores of the altered strata belonging to the 
Quebec group, are generally composed of small crystalline scales of 
the micaceous variety of the red oxide of iron associated with grains 
of quarts, and occasionally witli chlorite. These foreign minerals are 
present in very variable projjortions, so that the schists are some- 
times a rich iron ore, while at others they are so poor as to possess 
no commercial value. Several exposures of these iron slates occur 
in the township of Sutton, and the same ferruginous rocks are 
again met with in tlie adjoining township of Brome. A bod of 
iron slate, two feet in tiiickness, is said to occur in chloritic schist 
in Inverness, and it is probable that these ores which are so 
abundant in the townships of Brome and Sutton will be found in 
many intermediate localities. These slaty iron ores, although 
generally less rich than those of the Laurentian scries, are fre- 
quently sufficiently so to admit of their being smelted with 
advantage. 

The more solid varieties of limonite have not hitherto been 
met with in Canada, but bog iron ore of recent formation is found 
near the surface of the soil, and is widely diffused tliroughout the 
country. On the shore of Lake Eric this ore is found in various 
localities, especially in tlie townships of Cliarlotteville, Middleton, 
and Windham. In the seigniory of Vaudreuil, at Cote St. Charles, 
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there is a deposit of bog iron ore which has been traced over an 
area of about three acres, and which probably extends nnich 
further. This bed of ore varies from four to eight feet in thick- 
ness. Bog iron ore is also found at Cote St. Louis, at Cote St- 
Guillaume in the adjoining seigniory of Rigaud, and in numerous 
other localities. In the Eastern Townships bog ore occurs in 
considerable abundance in Stanbridge, and is also met with in 
the adjoining township o#' Parnham. The ore from Stanbridge 
was formerly mined and carried to Alburg in Vermont, whore it 
was smelted. This ore occurs in the seigniory of St. Vallier, and 
is foun^ in abundance on Green Island. The St. Maurice forges, 
in the vicinity of Three Rivera, were for more than a century 
supplied with bog ore collected in that vicinity, and between the 
St. Maurice and Batiscan Rivers some important deposits of this 
ore have been met with. In the vicinity of the village of Industry 
there are extensive deposits of bog ores, as well as at Batiscan in 
the seigniory of Cap de la Madeleine. 

Although never directly employed as an iron ore, iron pyrites 
is made use of as a source of sulphur, and is consequently a 
mineral of much importance in the manufacture of sulphuric 
acid. Iron pyrites occurs in large quantities in various parts of 
Canada, and is sometimes associated with small quantities of 
yellow copper ore. A large deposit of pyrites occurring at 
Elizabethtown, near Brockville, appears to be an interstratified 
mass, and has, in some places, a thickness exceeding thirty feet. 
In addition to copper this mineral contains traces of cobalt. An 
important bed of cupriferous iron pyrites occurs at Garthhy, and 
another at Ascot. 


Nova Scotia. 

Gold. — Palaeozoic rocks extend along the whole of the Athintic 
seabord of Nova Scotia from Seaterie to Cape Sable, while tlu; jdaru^s 
of stratification, which have a general east and west course, arc 
generally parallel with the coast line and with the various axes of 
upheaval. The leads, or veins, of auriferous quartz, with com- 
paratively few exceptions, conform with the strike of the slates and 
quartzites, following every plication of the strata and giving 
rise to an idea, formerly entertained by certain geologists, that they 
were contemporaneous beds and not subsequently-formed veins. 
The quartz veins are, however, by no means confined to the 
districts in which gold has been found in paying quantities, but 
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those which have proved to be auriferous are usually in the vicinit^y 
of the axes of anticlinal folds. On the top of Laidlaw’s Hill, in the 
Waverley district, the lead lies so flat that it is worked long wall, 
the gold being found chiefly where the quartz has been crumpled 
together by the folding of the strata so as to form the rolls locally 
known as barrels. These corrugations, which have been followed 
down on both the northern and southern dips of the vein, on the 
crest follow the direction of the axis of the anticlinal, while the 
plication of the quartz is marked in the overlying stratum by very 
moderate undulations only. 

The exact horizon of the auriferous rocks of Nova Scotia has 
yet to be determined, but it has been suggested by those who 
regard the leads as being bedded deposits that only the lowest 
rocks of the series contain gold leads, and that these have been 
brought to the surface by anticlinal folds. Mr. Poole is, however, 
of opinion that the lithological characteristics of the several 
districts point to the existence of three distinct groups enclosing 
auriferous leads, namely : — 1. The lowest composed of much de- 
composed and contorted slates and grits cleaving transversely to 
the planes of bedding. 2. The middle compact beds, in which 
quartzite predominates, and of which the cleavage usually conforms 
to the planes of deposition : numerous quartz leads, some of which 
are appreciably auriferous, are intercalated with the rocks of this 
group in the neighbourhood of anticlinals. 3. The upper group, 
in the extreme western section of the province, consists of fissile 
slates of an olive-green colour associated with micaceous sand- 
stones, and with at least one bed containing graphite.^ 

In some of the strata chlorite is abundant, but in the principal 
gold districts this mineral is by no means of frequent occurrence. 
Mr. Selwyn, Director of the Geological Survey of Canada, states 
that some of these sandstones contain pebbles of grey quartzite, and 
is inclined to believe that they will be found to occupy the position 
of some division of the Quebec group. Mr. Poole calls attention to 
the fact that there can be no doubt with regard to the relative age 
of the gold-bearing veins associated with rocks belonging to this 
section, since at Gegoggan and Cranberry Head there are veins 
which, when exposed at low water, are seen to course across the 
strata and occasionally swell out into masses of from six to eight 
feet in width : these, within a few feet, contract to so many inches, 
and again expand and contract. Similar veins have been found to 

^ Henry S. Poole, The Gold Leads of Kova Scotia,” QuarL Jour. Geol. Soc. 
vol. xxxvi, 1880, p. 807. 
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contain gold, and in some instances they have yielded as much as 
an ounce of gold per ton of quartz. 

In Nova Scotia mining operations have not been exclusively 
confined to the apparently “ bedded leads,” as rich quartz has been 
obtained both from cross-leads ” and the so-called “ angling leads.” 
Angling leads are true veins, although generally very small ; they 
have usually an east and west course, and cross the strata at small 
angles. In depth they gradually steal across the beds of slate, but 
on meeting with quartzite break directly through it to the next, 
stratum of slate and continue to do so in depth. In nearly all 
cases angling leads are found most productive wliero passing 
through quartzite. True cross-leads are of later age than the 
interstratified beds, and are almost always barren ; but in addition 
to these there are bands of quartz connecting parallel leads, as well 
as offshoots, which are often called cross-leads, and these are some- 
times auriferous. The paying leads are generally small, one eight 
inches in width being regarded as of good size ; thicker ones 
are, however, sometimes worked. 

In mining the regular bedded leads, phenomena cljaracteristio 
of metalliferous veins are frequently observed. The workings 
on the Union Lead at Waverley, a lead which has been frequently 
referred to as affording evidence of the bedded origin of these*, 
veins, have shown that although tlie quartz ceases at a certain 
point the vein fissure nevertheless continues its regular course. 
In one of the stopes at the same place the quartz formed a roll 
eight feet in width, and throw off numerous branches into the foot 
wall. Another characteristic, wliich may be regarded as affording 
evidence of the vein-like origin of tliesc beds, is, that they some- 
times taper out and are continued by splices starting on one side 
or the other in the wall rock. The most unmistakable evidence 
of their vein-like origin is, however, afforded by the occasional 
presence of horses of the rock forming their hanging wall. An 
example of this occurred in the Barton Lead at Tangier, where 
a flake of slate ten feet in length was found embedded in the 
middle of the quartz. This flake had rough edges, and had 
evidently become detached from a depression in the hanging wall, 
its course from which was distinctly marked by a series of slaty 
fragments embedded in the quartz at each end. Fragments of 
slate are often found in these leads, and in some places lamina*, 
of slate impart to them a ribbon-like structure, suggesting a 
series of openings of the vein fissure and successive deposits of 
quartz. 
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A Carboniferous conglomerate is, in a small way, worked 
at Gray’s River for the gold which is mixed with the lower por- 
tions of the bed and in the runs or hollows in the slate ; the 
bed-rock is also sonietimes removed to a depth of from three to 
four feet for the gold contained in the backs or crevices between 
the planes of cleavage. 

Although of considerable interest to the geologist, the gold 
mines of Nova Scotia are not commercially of great importance. 
Of late years the annual yield has only amounted to about 14,000 
oz., while the largest produce of any one year was 27,000 oz. 

Iron. — Although iron ores occur in various parts of Nova 
Scotia, the most important deposits hitherto discovered in that pro- 
vince are those belonging to the ‘‘ Acadia Charcoal Iron Company ” 
at Londonderry, in the county of Colchester. The rocks, which 
are often well exY)osed in the valleys of the district, consist of grey, 
blue, and olive-green slaty shales, alternating with bands of quartzite 
and brown felspathic sandstones. The general course of the 
principal vein is about W. 10*^ N. ; it has a southerly dip of about 
<S0°, and its strike closely coincides with that of the metamorpliic 
slaty shales and sandstones of Upper Silurian age constituting 
the country rock. 

The vein is well seen in the bod of the Great Village River, as 
Avcll as in excavations in its western bank, which rises abruptly to 
the height of t]2o feet above its level. In the bottom of the 
stream the vein presents the appearance of a complicated network 
of fissures penetrating the quartz and slate, and ajjparently filled 
with finely crystalline ankerite. In ascending at this point the 
vein increases considerably in width, as well as in the pi oportion 
of iron ore which it contains. At one place wliere it was cut 
through its width was found to be not less than 120 feet. It, 
however, presents the aspect of a wide but very irregular vein, 
including large angular fragments of quartzite and of a green 
slate with glistening surfaces. Tliese fragments are especially 
large and abundant towards the ccntralportion of the vein, where 
they foim a sort of irregular rocky partition. Tlie minerals con- 
tained in the vein arc chalybite, ankerite, magnetite, brown 
haematite, and red and yellow ochreous iron ores. A small quantity 
of heavy spar sometimes occurs in the form of minute crystals 
lining fissures, and as compact veins traversing the ankerite. 
Tlie whole aspect of the deposit as it appears in the excavation 
in the river bank is extremely irregular and complicated, which 
arises, not merely from the broken character of its walls, but also 
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from the luimbor of included fragments of country rock, and 
ftom the confused intermixture of the other materials of which 
the deposit is composed. On the cast side of Great Village 
River the ground docs not rise so rapidly as on tlie western 
hank, and the vein Is not so W(dl exposed, although indications 
of it can be traced as far as the eastern hraiuk of the stream. 
On the elevated ground west of the Folly River the vein is 
again largely developed, and an excavation irear that stream 
shows a thickness of 190 feet of rock on tlie south side of 
it. This consists of grey quaitzite, with about throe feet of 
black slate, the beds of wbicli are traversc'd by small strings of 
ankerite, whicli increase in dimensions as they aj)proac‘h the wall 
of tlic vein. 

About seventeen feet of the vein consist princi])al]y of ankerite, 
while on the north ten feet of red ore are seen, without reaching 
the wall. The most extensive workings are upon tlic western 
section of the ])roperty, and from this part ol* the dejiosit nearly 
the whole of the supply of ore during n^cent years lias Ixuui 
obtained. The principal excavations, however, ami those from 
which tlie grc‘nter part of the ore has been raised, an' confined 
to a lengtli of about 700 feet, where no h'ss than six hovels have 
been driven into the bill at different dojitlis. Referring to this 
deposit, Mr. Sclwyn remarks that, alUiougb there arc no good 
reasons for supposing tliat at a lower dejitli tlian has In'cn yet. 
reached tlie vein will be found of greater width than it is at jinisent 
there is, on the other liand, no reason to appndiend a falling off 
in tliis resjiect. Mr. Selwyn was unable to verify by ]KU-sona,I 
examination many of the statements respoc.ting tlie ajipearanee 
and dimensions of the vein where it had bemi exposed in old 
excavations. He was, however, of opinion tliat tlio evidence 
lie was able to collect, and the facts he was able to determine, 
were of such a character as fully to warra-nt the conclusion that 
no apprehension need be entertained of any failure of the supjily 
for many years to como.^ 

The principal returns from Nova Scotia for the year 1882 were 
as follows; — gold, 14,107 oz, ; iron ore, 42,185 tons; manganese 
ore, 205 tons. 

^ GvoL Survey of Canada: Jtejmi of Proyres'^^ 1872 3, p. 2(3. 
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British Columbia. 

For our knowledge of the geology of the gold-fields of British 
Columbia we are mainly indebted to Dr. G. M. Dawson, of the 
Geological Survey of Canada, whose able papers on this subject 
have from time to time appeared in successive “Reports of 
Progress/’ ^ 

The very general distribution of alluvial gold over this portion 
of British North America may perhaps indicate that its rocks of 
various ages are more or less auriferous. The most important gold 
formation, however, consists of a series of talcose and chloritic 
schists, blackish or greenish-grey in colour, which sometimes 
become micaceous, and which usually more distinctly exhibit 
evidences of metamorphism than do the gold-bearing schists of 
California. Their precise geological horizon is as yet undetermined, 
although it is not improbable that they may eventually be found 
to be the geological ecpiivahmts of some of the most productive 
gold-bearing rocks of California. The most extensive areas of 
those rocks arc found in connection with the disturbed regions 
west of the Rocky Mountains, known in various parts of their 
extent as the Purcell, Selkirk, Columbia, Cariboo, and Omineca 
Ranges. Belts of auriferous rocks of considerable extent, and 
probably belonging to the same age, however, occur beyond this 
region, as in the vicinity of Anderson River and Boston Bar, on 
the Fraser; as well as at Leech River, Vancouver Island, and 
elsewhere. 

The Cariboo district, which was discovered in 1860, has been 
the most productive and permanent gold-field of British Columbia. 
It has been described as a mountainous region, but is rather . to 
be regarded as the remnant of a great plateau, with an average ele- 
vation of above 5,000 feet, dissected by innumerable streams which 
flow from it in all directions, and Avhich join either the Fraser 
River or one or other of its branches. The fifty-third parallel of 
north latitude passes nearly through the centre of the gold-field, 
where streams falling rapidly over rocky beds descend into deep 
and precipitous valleys. With a lessening slope the rock becomes 
concealed by deposits of gravel, which gradually increase in 
thickness and extent until the valleys become flat-bottomed 

1 “ Report on Leech River," (tcoL Surrey of Canada. : Report of Progress^ 1876-77, 
p. 95 ; “ General Note on the Mines and Minerals of Economic Value of British 
Columbia," ibid. p. 103 ; ** Report on Exploration in Southern Portion of British 
Columbia," ibid. 1877-78, p. 153 b. &c. 
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occasional swampy glades, tliroiigli which the stream flows 
tortuously with a sluggish current. Lightning and Williams 
Creeks have yielded the larger portion of the gold of Cariboo. 
Both localities are not only rich, but are also specially 
adapted for deep workings from having a hard deposit of 
boulder clay extending beneath the beds of the present water- 
courses, w'hich, to a large extent, prevents the infiltration of 
surface water into the workings beneath. By regular mining 
operations the rocky bottom of the valley is sometimes followed 
below 150 feet of overlying clay and gravel, the course of the 
ancient stream being easily traced by the polislied rocks of 
its bed as w^ell as by the gi’avel and boulders filling its channel. 
The richest lead is usually found in the hollow of the ancient 
channel, although, by following the rock-surface laterally, paying 
ground is oft,en met with for some distance on eitlu^r side. The old 
streams of Cariboo are found to have followed very nearly the same 
directions as their modern represemtativos, ol'ten crossing tluj 
valleys in various bends from side to side*, but nevcT leaving tluun 
or running across the modern drainage system as is frequently 
the case in the deep })lacers of Californi.a and Australia. On 
Williams* Creek, on which are situated tlui townshijis of Barker- 
ville and Richfield, the principal workings are confined to a 
space of about two and a half miles in length. In this ground not 
only the deep channel has been worked, but also as much of the 
side ground as was at the time found remunerative. Many of the 
lateral creeks and gullies paid remarkably well, and in some places 
the hill sides, to a height of above 100 feet, have been sufficiently 
rich to make satisfactory returns by the hydraulic method of mining, 
which has been extensively introduced into British Columbia. 

Although the production of Williams’ Creek has always been 
much less considerable than that of Lightning Creek, Barkerville 
nevertheless possesses a certain local importance as the centre of 
a number of outlying mining districts. The mines in the gold- 
fields of Kootenay, Omineca, and Cassiar, situated on the same 
belt of auriferous rocks, resemble, in their main features, those of 
Cariboo. The greater portion of the Gold Range, especially 
towards the north, is very heavily timbered, and is often so 
covered with moss, peat, swamp, and tangled vegetation as to 
render prospecting difficult, and the discovery of rich spots a 
matter requiring much time and labour. Dr. Dawson, however, 
remarks that the recognised areas of the gold-fields will be very 
much extended as soon as altered conditions shall have rendered 
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less productive deposits remunerative, when many of those 
which have now ceased to attract attention will again spring 
into importance. 

In the southern portions of British Columbia gold has been 
very rarely found in dtu, but it occurs in remunerative quantities 
in placer deposits In various localities. These generally either lie 
upon, or in the immediate vicinity of, certain black slaty rocks 
traversed by quartz veins, from the disintegration of whicli the 
alluvial gold appears to have been derived. Similar rocks, uiidis- 
tinguishable in lithoh gical character from those of the typical 
region, may, it is true, occur on other geological horizons in the 
district, but no clear evidence of this has yet been obtained. 
The rocks are generally black or very dark, slaty, or schistose ; 
often more or less calcareous, and not unfrequently micaceous 
or graphitic ; more rarely chiastolitic. Dr. Dawson is of 
opinion that it is probably to the presence of a small quantity 
of organic matter in tlie sediments from which these rocks 
liave been made, that their metalliferous character is due. 
Their fissile structure has subsequently rendered them easily 
permeable by waters, which have concentrated the minerals of 
economic value, with (piartz and other crystalline materials of 
secondary origin, in the veins. The rocks, in their more typical 
localities, appear to be between those of the Cache Creek group 
(Carboniferous) and the Upper Mesozoic rocks similar in age to 
the Shasta group of California. They seem to rest conformably 
on the former series, and evcm to blend with it, while the latter 
is built up upon tlieir upturned edges. They differ in appearance 
from the recognised Jurassic rocks of the lliasyouco, and have 
yielded no fossils with the exception of some obscure impressions. 
While a portion of these rocks may represent Jurassic beds differing 
from those of the Iltasyoiico region by reason of the want of 
volcanic materials, part at least would seem to represent the 
Triassic period, or oven to pass downward into the Upper Paknozoic. 
They are not very different from the slaty rocks of the con- 
tinuation of the same mountainous belt in Ckilifomia, which are 
highly auriferous, and supposed to ho, at least in great part, 
Trijissic*.^ 

There are, at the present time, no important gold diggings on 
the lower part of the Fraser River, although it was this region that 
first attracted tlie gold miner to British Columbia ; a considerable 
amount of gold is, however, still annually obtained, chiefly by 
' Geoh Survey of Canada : Report of Progress, 1877-78, p. ir>o'n. 
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IjLidians and Chinamen, during the portion of the year when the 
water is low. From the Thompson, near Nicoamen, the first gold 
known to have been found in British Columbia was obtained, 
and this locality still continues to yield considerable quantities 
when the river is low. The Tranquille River, flowing into 
Kamloops Lake, was worked previous to 18G2, and has afforded 
occupation to a varying number of miners ever since, although it 
has of late fallen almost entirely into the hands of Chinamen. 
The gold is, for the most part, scaly, and is often mixed with grains 
of platinum. At St. Louis Creek, on the lower part of the North 
Thompson, the gravels were formerly worked for gold. On the 
South Similkameen, about three and a half miles above Vermilion 
Forks, gold mining has been carried on for several years, although 
the number of men employed is not largo. 

Rock Creek still continues to afford profitable employment to a 
few men, and gold, in small quantities, has been found on sevianl 
streams flowing into the Okanagan Creek ; of those diggings those 
on Mission Creek, where the gravels of the flat rest upon Tertiaiy 
beds, have proved the most important. Cherry (Jreek, a tributary 
of the Shuswap River, has yielded a considerable (piantity of gold, 
and still gives employment to a few white miners and a much 
larger number of Chinamen. Although there are numerous (piartz 
reefs in British Columbia, some of which have, by assay, been shown 
to contain both gold and silver, few of them ap})ear to have been 
worked. 

According to T)r. Dawson, th(} Leech Rivci*, in Vancouver 
Island, was discovered to be auriferous in 1808. For some time 
it was generally thought that the district wmild prove to be a 
permanently productive gold-field, and bougies and stores were 
erected accordingly. About £20,000 woith of gold is said to 
have been obtained in a comparatively short time from these 
diggings, but they are now entirely abandoned. Cold occurs in 
Queen Charlotte's Island, both in the alluvium and in quartz 
veins, but has not been extensively worked. 

It is estimated that the value of the gold produced in British 
Columbia during the year 1881 amounted to about £240,000, and 
that the total value of that metal obtained since its discovery in 
1858 may be taken, approximately, at £9,350,000. 

Small nuggets of native silver have been occasionally found in 
gold placers on the Similkameen and Mission Creeks, besides 
which a rich silver ore, which is probably freibergite, occurs in 
small and irregular veins at Cherry CVeek. Th(*se veins are 
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enclosed in greyish or blackish-grey slates, and the veinstone is 
principally composed of quartz; assays of this ore have some- 
times yielded as much as 658 oz. of silver to the ton. Nodules 
of argentiferous galena found in the sluice boxes on Cherry 
Creek, but above the known lodes, have assayed as much as 220 
oz. of silver to the ton, and would indicate the existence of 
veins whicli have not yet been discovered. 

On the north side of Copper Island, a band of schist about six 
feet in thickness exhibits a bright copper stain, and on examina- 
tion is found to be injpregnated with copper pyrites, to the decom- 
position of which, on tlie surface, the coloration is due. Fragments 
of rich copper ore, as well as rounded pieces of native copper, have 
been found on the Tliompson. Native copper has also occasionally 
been found on the Fraser, and less frequently on the Sirnilkameen. 

Bismuth in the form of sulphide, enclosed in thin veins of 
quartz, has been found on the north-east side of Little Shuswap 
Lake. 

Magnetite occurs in cojisiderable quantities in Cherry Bluff, 
Kamloops Lake, and on Iron Mountain ; it is also reported to exist 
in a vein several feet in width, in a ravine half a mile below 
Nicoamcn. According to Mr. Richardson, clay-ironstones are of 
frequent occurrence in the coal rocks of Vancouver and Queen 
Charlotte's Islands. The nodules vary in weight from less than 
a pound to above a ton, and he is of opinion that at Baynes 
Sound Mine a sufficient amount could probably be obtained to 
supply a blast furnace.^ 


Newfoundland. 

The most important mines in Newfoundland, which is the only 
portion of British Nortli America not included in the Dominion of 
Canada, are those of Betts’ Cove and Little Bay, situated on the 
north-eastern part of the island, where the deposits appear to 
occur in rocks belonging to the Quebec group. 

Dr. Sterry Hunt - regards the Quebec group as of great economic 
importance, as it is the principal metalliferous formation of large 
areas in North America. “ To it belongs the gold found along the 
Appalachian chain from Canada to Georgia, together with the ores of 
lead, zinc, copper, silver, cobalt, nickel, and chromium. The latter 
metals, particularly chromium and nickel, are constantly associated 

' Oeol, Survey of Canada ; Beport of Progress ^ 1872-73, p. 81. 

‘ American Journal of SciencCf vol. xxxi. 1861, p. 401. 
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Avitli the c>23hiolites and other magnesian rocks of this series, while 
they are wanting in similar rocks of Laurentian age. The de})osits 
of copper ore in blast Tennessee, and the similar ores in Lower 
Canada, belong to this group. The ores of lead, copper, zinc, 
cobalt and nickel, of Missouri, and the copper of Lake Suj)eri(ir, 
also occur in rocks (jf the same age, which appc'ar to be pre- 
eminently those of the metalliferous period.’' The ore at these 
mines occurs in dei^osits under conditions strikingly similar to 
those known to pn^vail in Eastern Canada, and to characterize 
rocks of apparently contem 2 )oraneous ('ligin. 

The jiroduction of cojiper ores at Betts’ Cove and Little Bay, 
from the commencement of shipments in 1875 to tiie eu<l of 188'2, 
was as follows : — 


1 .S74. ( 

1875/ ■ ■ ■ 

1 oils. 

.... s,000 

I87(i . . . 

.... 18,001) 

1877 . . . 

.... -14, 000 

1878 . . . 

.... :>.■), 000 

1871) . . . 

.... :15,4r)0 

1880 . . . 

.... -io.o^o 

1881. . . . 

.... •24,200 

1882 . . . 

. 10,4110 
182,010 


The ore consists of a mixture of iron and co]i])cr j pyrites con- 
taining about 7 per cent, of copper, with but little silii*a, and is 
remarkably free from arsenic. The Little Bay Mines were only 
opened in 1878, so that all the ore shipped previous to that year 
must hiive come from the Betts Cove Mines only. 


MEXJC( P 

The mountains in the extreme south-east of Mexico are mainly 
composed of 2 )ori)ljyry with limestone and clay slate, in the latte r 
of which veins of silver, copper, and lead ores, frequently occur. 
Granite forms the foundation of the central table-land, but its 
upper strata exhibit an extensive area of porphyries rich in the 
precious metals, together with basaltic lavas, trachytes, clay slates, 
amygdaloids, syenites, serpentines, dolerites, limestones, and sand- 
stones. The Cerro del Mercado, in Durango, is said to consist 

u u 
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chiefly of iron ore. The mineral products of Mexico are perhaps 
richer than those of any other country, and include gold, with ores 
of silver, iron, copper, lead, tin, and quicksilver. Among the most 
celebrated mines are those of Guanaxuato,^ which were opened 
by the Spaniards at the beginning of the sixteenth century. Their 
production of gold and silver, from 1701 to the end of 18G5, has 
been estimated at 521,106,688 pesos, or 2,600 millions of francs- 
Sedimentary rocks, of which the exact geological horizon has not 
been determined, contain the celebrated lode known as the Yeta 
Madi’O. This deposit, which is one of the most im})()rtant in the 
world, coincides exactly in strike (45'’ to 50° N.W.) and dip (45° 
S.W.) with the bedding of the country rock, and, consecpiently, 
may be regarded as a bedded lode. The clay slates are probably 
of Dcwoiiian age, while the conglomerate beds belong to the New 
RchI Sandstone p(‘Tiod. In the Valenciana and Uayas Mines the 
lodcj is most productive at the contact of thes(‘ two rocks, and 
has a width of 150 yards, with from 90 to 120 yards of ore ground* 
The veinstone consists principally of amethystine (juartz and 
calc spar, enclosing interstratified fragments of country rock. 
Among the other minerals present, gypsum, spathic iron ore, 
iluor spar, apophyllite, and asbestos are the most common ; heavy 
spar is entirely absent. The curious interpolations of talcose rocks 
iinpregna,ted with silver ore, calhal jahmes, which an) found in La 
Luz and in some other lodes, also occur in the Yota Madre. The 
metals and ores are native gold, native silver, argentite, and, more 
rarely, stephanite, pyrargyrite, fahlerz, galena, and blende. Copper 
pyrites and iron pyrites are of frequent occurrence, the latter being 
always argentilerous. Geodes are plentiful, and in them all the 
above-mentioned minerals occur in a crystallized form. In 
the lodes of Guanaxuato the ore is first found at a depth of 
about forty fathoms, and at from 200 to 250 fathoms the ores 
become so rich in antimony and lead as to be no longer adapted 
for amalgamation. In addition to the Yeta Madre two other 
systems of lodes are met with in the neighbourhood of Guanaxuato. 

1st. At Santa Rosa the porphyry is traversed by lodes con- 
taining silver ores, native gold, and quartz. 

2nd. The lodes of La Luz traverse diorite in a direction 
15° to 45° N.W., and with a dip of from 50° to 70° S.W. The 
veinstone is quartz and calc spar, with masses of the talcose 
rock above referred to impregnated with silver ores, known as 
jabones, which form the principal source of the riches of La Luz. 

^ K, Tilmann, Der Bt.Tgbau von Guanajuato,” Munster, 1806. 
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The rich silver lodes in the gran wacko of Zacatecas, north- 
west of Guanaxuato, appear to be very similar to the Veia 
Madre. Fourteen leagues north-west of Zacatecas is the caty uf 
Fresnillo,^ at the foot of a mountain known as the Corro d(' 
Proauo, which is intersected by silver-bearing veins, of which the 
number is stated to exceed fifty. Tliese are all true veiUvS, 
enclosed either in grauwacke or Devonian clay slate. These lo(h‘s 
carry three classes of ore, respectively distinguished as colurados^ 
negroSj and azulaqves. 

Los coloradoSy the red ores, are distinguislied as carrying cliieily 
native silver, silver chloride, or chlorobroinidc (plaia 'ctrdv), 
mingled with reddish iron oxides and (piartz, rarely witli remains 
of unoxidized ores. In short, the red ores mark the zone of de- 
composition influenced by the atmosphere and its waters; tht> 
depth to which they penetrate varying considerably in diffenmt 
veins. Los negros, the black ores, are essentijdly a ((uartzoso 
veinstone carrying black sulphides of silver, argentite, stephanite, 
pyrargyrite, c^^c., with native silver and iron ]>yrit('s. 
((.zulagucs, or bluish ores, are essentially piiculiar to the veins 
of the Cerro do Proaho, and consist of the same ores found in 
the adjacent veins, but distributed in the Ixaly of the country rock 
for a distance of from sixteen to thirty-two indues btyond the loth*. 
For this distance the country rock is found to be impngnattul with 
iron pyrites, argentite, horn silver, and native silvtT, in thin coat- 
ings. The total value of the silver produced by tbo (.!erro do 
Proaho mines, from 18r5;l to ]8()2, was $9,825,595. 

The mining district of Tatatila and Zornelahuacan is stivi ii 
geographical miles from Jalapa. The district is formt'd of lime- 
stone, greenstone, por])hyry, and trachyte, and the lodes octair 
most frequently in tlio limestone, rarely in the greenstone anti 
porpliyry, and never in the trachyte. Tlio lodes, the number of 
which is very great, are on an average from three to six ftict in 
width, dip at a great angle, and course nearly north ai\d st)uth. 
Four distinct groups of veins are distinguished, namely : — 

]. Auriferous lodes containing native gold enclosed in (piartz 
coloured by iron oxide. 

2. Silver lodes containing argentiferous ores in a garigue of 
calc spar and quartz. 

3. Lodes containing argentiferous galena, quartz, and calc spar. 

^ B. SilliTnan, “ Sketch of the Great Historic Mines of tlte Cerro do Proafio at 
Fresiiillo,” New Haven, 1883. 

2 Richter iind Hiihner, Zeiischr. Benj. JTult, Balincnw. vol. xxi. 1873, x'- 26. 

11 It 2 
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4. Copper ore veins, coursing very irregularly, containing auri- 
ferous copper pyrites and variegated copper ore. 

The ore masses of La Concepcion Mine, wiiicli do not belong 
to any one of the above groups, as they contain at the same time 
auriferous (piartz, lead, silver, and copper ores, are among the 
most important. 

Near Pachuca,^ twenty-two leagues north of tlie city of 
Mexico, is tlie mining village of Ileal del Monte. The Sierra de 
Pacliuca at this point is composed of variously coloured porphyries 
invariably forming the matrix of the ores ; these being never found 
ill the younger erujitive rocks which burst through the porphyries. 
Stratified rocks do not occur in the neighbourhood either of 
Pacliuca or of Ileal del Monte. The lodes, which are numerous, 
course nearly east and west, and are, generally speaking, parallel ; 
they usually dip 70° S., but in some exceptional cases their 
dip is towards the north ; cross lodes, coursing from north to 
south, are rare, and have no great thickness. Tlie veinstone 
chiefly consists of quartz and decomjiosed jiorphyry, while calcite 
is of rare oc'currence, and heavy spar is still less abundant. 
Native silver and stephanite are common, while pyrargyrito, 
blende, and copper jiyrites are coinjiaratively rare. The average 
percentage is from T5 to 18 of silver, which contains *2 per cent, 
of gold. The widest lode is that of Arevalo, near El ChicO) 
whicli is from sixty-four to seventy-five feet in width, hut contains 
much worthless material. The lode of greatest extent is the 
Veta Biscaina, which may be traced fur 5,000 fathoms along 
its strike, and is jierhaps connected witli the Veta Madre of 
Guanaxuato. 

The Jocuistita silver mine is situated about 100 miles north of 
Mazatlan, Sinaloa, at an altitude of S,500 feet above the sea level. 
During the year ending 1st June, 1882, 5,500 tons of ore from 
this mine were smelted on the spot, yielding $1,010,529 of bullion. 

The output of precious metals in Mexico in 1881 is officially 
stated at $29,71 3, 355.^ In 1880 the production was, gold $989, IGl, 
silver $25,167,763.'^ 

^ Richter und Hiibner, ZeiUehr, Berg, Butt, Salincnw. vol. xxi. 1873, p. 103. 

“ B. Sillimaii, Cerro do Proafio,” p. 12. 

^ C. King, ** Production of the Precious Metals,” Wasliington, 1881, 
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SOUTH AMERICA. 

BRAZIL. 

Brazil^ has long been celebrated for its gold mines, A\d)icli 
were first extensively worked about the beginning of the last 
century, and have, in the aggregate, afforded very considei’abJe 
airiounts of that metal. The large quantities of gold producinl 
in Brazil during the eighteenth century were almost exclusively 
tlie yield of alluvial washings, princi})any in the province of 
Minas Geraes, which have become to a great extent cxliausti*d, so 
that the gold now produced is almost entirely tln^ result oi‘ d(‘(‘p 
mining in solid rock. Many of the auriferous dejjosits of Brazil 
differ essentially in character from those' of most other countries, 
sinc(^ the gold is ofhai disseminated in UK'talliferous strata, ratlu'j* 
tlian enclosed in auriferous veins. 

The richest portion of tlie province of Minas Gera,i*s is lhat> 
situated between (Jongonhas do (lamj)O on the south, Ga-n donga, 
on the north, the tributaries of the liio Doce on the ('a-st, and 
the Rio das Velhas on tlu^ west. The auriferous series is hioci 
made up of granite and gneiss, overlain l)y micaceous and taJcoi (' 
schists with iriterstratified seams of (piartzite, which usually contnius 
either mica or talc. These mieac(‘ous rocks are succetnled hy clay 
slate, and often enclose lenticular imisses of quartz. clay 

slate is followed either by an inconsiderable stratum of gianular 
quartz, or, more frequently, by thin bands of magnetite and 
s])ccular iron ore alternating with granular (piartz. Tlu', cbara(d('r- 
istic gold-bearing rocks of Brazil are known as itacolv/miic, 
itahiriiCy and jwvtinga. 

Itacohmite is a friable sandstone consisting miiinly of quartz 
sand, but containing talc or mica, and sometimes also jiossessing 
a certain amount of flexibility when in thin lamina;. Italnrite is 
a mixture of specular iron ore and magnetite with a variable; 
amount of quartz, and is either granular, schistose, or (;ompact. 

^ ■\V'. J. Heuwoocl, “ Metalliferous I)q)osits,” Trmif.. Hoy. Ckol. Soc. of Cornwall y 
vol. viii., iViizance, 1871 ; 0. A. Derby, American Journal oj SciencCy 188ii, ]>. 
178; J. A. riiillips, “ Tbe Mining and Metallurgy of Gold and Silver,” p. 80, 
London, 1867. 
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Jfwolinrjrt consists of micaf-oous iron ore, brown iron ore, and quart?: ; 
th(.* latter usually in a state of granular disintegration. Oxide 
of mangaiuiso, tale, iron pyrites, and massive in)n glance arc 
its chief accessory minerals. The granite of Candonga contains 
gold alloy<‘d with palladium. The slaty ironstones or ferniginous 
sandstones often assume the form of lenticular beds, of which 
the central portions occasionally contain Habes and grains of gold, 
sometiim^s isolated, V)ut at others conn(‘ct('d with one another by 
threads and filanu'nts of that metal. Towards tlie edges and sides 
ot these aurvhirous hunches the particles of gold gradually diminish 
in si/(i and Ixjcoine l(*ss jil(‘ntifiil, until th(i rock at length assumes, 
in a, 11 respc(tts, the. a[»j)(‘arauce and composition of ordinary jacotinga. 
^At Gongo Soco a lenticular mass of itahirite is both enclosed in, 
and ]>enetrati‘d ly, v(uns of auriferous jacotinga. The* gold of this 
Ihrjnation is always alloyed with silver and eopj)er ; and sojnetimes 
also wit.h ]»latiuun\ and ]niUa<lium. 

At Sao doad d’Kl Rei th(*re ar(‘ aurih'rous de})osils wliich were 
for many years \vorkc<l with great ]>ro!it, th(‘ gi>\d having been 
priiicijfully obtaiiK'd fnaii a coiiglona'iMte containing rolled 
\H‘bblcs of iiac.oluuiite 5\nd of uuetuous sehists. Tlu‘ celebrated 
Morro Velho Mine is situat(‘(l fifty mii(*s south of Ouro JV(‘to, 
in the province t)f Minas CJerat's, and was for a time AVorki‘d by 
nalive joiners; but on the failure <d’ the Sad Jo.id d’Kl Rt‘i 
ojincs it was jujreha.sed by tbe St. John (hd Rev Comjuiny, 
iiinJ hns, for many ja^ars, Ix'en worked by tluun wdtli suect'ss. 

The gold is obtaiiu'd from a quarts; lodi* encloscxl in clay slate, 
wdiich, althougl) irregular, both in directioji, dij), and dinuMisioiis, 
is strong, and genoially well defined. The vein chiefly con- 
sists of a mixture of magnetic, arsenical, and common iron pyrites, 
disseminated in a quartzose gangue; being composed ap])roximately 
of 40 per cent, of quartz and fiO j^er cent, of varicjus metallic 
sulphides. Tlie arst'uical pyrites carric's most of the gold, the 
snodlest grain of which is rarely seen previous to the concentration 
of the ore. Arsenical, magnetic, and ordinary iron pyrites re- 
spectively predominate at different points, while calc spar, brown 
spar, and, more rarely, yellow copper ore are also present in 
the vein, wliich is not unfrequently traversed by clay slate and 
barren white quartz. When ])yritos is entirely absent, gold in 
appreciable quantity is rarely present. 

The Mono Velho Lode is in some places more cavernous and 
less close in its texture than in others, but where drusy cavities 
are plentiful the yield of gold invariably diminishes. The most 
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productive luatrix for gold is a compact mixtiire of quartz niul 
pyrites, eiudosing varying quantities of country rock. Tin' great 
inetailiferous deposit known as the CacluKura, .Balm, and Qiiehra 
Panella, is one ciuitiiiuous, but very irregular, vein varying in 
width from seven to seventy feet, and at one point reatdnng IDO 
feet ill thickness. The average widMi of this deposit at a. dej>tli 
of 170 fathoms in the Cachoeira, and of 10a fathoms in 
the Balm workings, \vas ID feet, and sto|)ing ground extended 
over a ](*ngth of about tSU7 fathoms. Tlieri^ is also a north 
brancli calked the (lamba separateil from the main dc'posit by 
a band of country rock, which, althougii iHUitaining a certain 
amount of gohl, is too poor to admit of Inang wa>rked at a ])rolit. 

The shafts, so-ealled, as the whole (>f th(‘ lod(‘ lias betui 
excavated from the surface, arc^ cavri(‘d down at an inclination (>f 
about 4.V, and tin? mimaal is hrougiit up by strong kihbK‘-like 
carriag('s eacli liolding a ton. 

The stamja’ng mills, as \V(dl as all theotluT machinery, an' drivi'ii 
by water~]H)Wer. D'he average yield of tlie ore at Morro Vidbo lias 
b(‘en about -kdo.'l <»ita.\ as of gohl alloyed vith silv<‘r, or iis nearly as 
]>ossil)li‘ half a troy oz., value Ibis, (k/., \>er t-on ; hut this yield has ot* 
late la, lien otld 

In 1S7') tin* mines }>elonging to the St, flolm del Bev tJonqiany 
pruducc'd hidlion to tin' vahu' of £144,D7’2; in lS7b tlie valin* of 
the gold and silvm' obtainiMl a\iiount.(‘(l to £*247,H*2D, a,nd in IH77 to 
£l7b,580. From th(‘- liftieth annual nq>ort of this company it 
would n]qK‘ar that in 1<S8() they stanqied tons of on;, and 

realised a net profit of XblbOOD. 

The mines of Gongo Soco, about twenty miles east of Morro 
Vellio, wen; at om; tinn; very productive, and otlu'r gold mines 
have been worked at Bossa Grande, Morro de Santa Anna,, 
in the Serra of Cata Branca, and in sonu; other localitii's. 
A very large portion of the province of Minas GeraiKs is more or 
less auriferous, and gold is likewise found in many ])arts of the 
provinces of Bahia, Pernambuco, Parahiba, and Rio Grande do Sul. 
Gold washings occur in almost all parts of the country, hut they 
are generally carried on in a very rude and irregular mamuT. 

Soethecr estimates the value of the gold production of Brazil 
from the year 16D1 to 1875 at £144,668,475. 

Iron ores^ abound in almost every part of Brazil, and the 

^ The gold obtained at Morro Velho is usually alloyed with a]) 0 ut 20 per cent, of 
silver. An oitava is 2 dwt. 7*343 gr. troy. 

^ A. de 15ovet,*^7!n. dcs MineSy vol. iii. 1883, p. 85. 
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deposits wliicli occur in the province of Minas Geraes alone would 
appear to be almost inexhaustible. In this province a superficial 
deposit of a clastic iron ore, varying from one to four yards in 
thickness, extends for a great distance, resting on iron scliist, mica 
schist, talc schist, clay slate, or itacolumite as a bed-rock. This ore 
is known under tlie name of caiuja and consists of angular frag- 
ments of magnetite, iron slate, iron glance, and brown iron stone, 
togotlier witli small (piantities of quartzite, itacolumite, and other 
locks. The cementing material, wliicli iinjtarts great tenacity to 
the breccia, is red iron ore, brown iron ore, and yellow and red 
oclircs. The accessory constituents, originating from the older 
rocks in the same way as the iron ores themselves, are native gold, 
topaz, rutile, and diamond. The iron ores of Brazil would appear 
to he remarkably pure, as they rarely contain phosphorus or 
sul})hur, but manganese is of common occurrence. Deposits con- 
taining gold and diamonds are almost the only ones which in Brazil 
have been (‘xtensively worked. Copper, manganese, and lead ores 
are said to be a-bundant. 

CHILL 

Chili is rich in minerals; and among its metals arc* gold, 
silver, copper, lead, antimony, cobalt, nic‘k(d, zinc, bismuth, iron 
and (juicksilvc'r. Gold is found in (piartz vc‘ins running nt*arly 
north and south, and is accompanied ]>y galena, bhmde, cojiper 
])Vrites, iron pyrites, and iron glance; but tlie chief proj>orticm of tlie 
gold ]>ro<luccal in ( liili is obtained from washing the beds of rivers. 
Soetbec'r (‘stimatc's (lie }»roducfion of gold in Cliili from lol.*) to 
1S75, a ]H‘i'iod of riStt ycvirs, at 772,200. Thci richest ^silver 
mines are found in the Upper Jurassic rocks of tlie ])rovinc;e of 
Atacama. The most productive districts are (hmharcillo, Tres 
riiiitas, Flm-ida,, and (7u‘acoh*s. 

The lodes of Chaharcillo^ occur in beds of a bluish limestone of 
Jurassic age, interstratified with various metamorphosc'd rocks. 
The varying nature of the country roc‘k through which the veins 
descend has a very decided (‘llect on tlieir cont ents. They run along 
the side of a short range of hills, and the general direction of their 
strike is north-east, the dip being north-west. There are, how- 
ever, lodes which dip to the south-east, but although man}" of these 
have been exphwd to a considerable depth, they have, generally 

^ For ])arti<Hil;irs n'lutiw to tli<‘ mhios of FluAiircillo, Itosario, Paimlcillo, ami 
CaiTizal Alto, 1 am iudobted to .Mr. M. H. Gray, A. 11 S.M., who kindly pla<‘(*d at mv 
disposal l-is not»*s on f ho mctalliforous d-posiLs of (’hili, made during a recent visit 
to that country. 
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speaking, been found to give iinsatisfkctory results. The principal 
lodes at Chaiiarcillo are four in number, namely, the Veta Colorado, 
the Veta Cache, the Veta Descubridora, and the Veta Candelaria. 
The first two run nearly parallel at a distance from one another 
varying from actual contact to fourteen yards, the Veta Cache being 
the more irregular vein of the two. These lodes have a strike of 
20" E. of N., and the Veta Descubridora has a similar direction, while 
the Veta Candelaria courses 45'' K. of N. cutting through the otlun* 
three lodes ; but the points of intersection do not, as a lule, show 
any increase of richness. These veins, wdiicli liave been traced for 
a distance of a mile and a half, are aciu>inpanied by others of a 
secondary character, and thesis l>y still smaller ones which arc 
nevertheless of considerable importance. The lodes are much 
affected by the nature of the enclosing rock. They \>ecome 
narrower in unfavoui’able rocks, but, in those of a contrary nature, 
the lodes become not only wider and nVher, but tlie walls also 
become impregnated with ore to such an extent as to allow of 
their being ])rolitabIy worked for a ilisiniico of sonictiuics nine 
feet from the lod(‘S. According to Mr. Cray, Hk' CliahanalJo 
lodes traverse v.arions IhmIs of rook occurring in the* following 
order : — 


( !l.i‘ s of liocK 

1, Stnitllifll locks 

2. J ulnisivf ifx k . . , . 

Z. (’ai'bfiiiifcroiis liiiic.sioitc . 


'Diiclviicss Cotilcnlsol l.oilt's. 

r>ttO feel. lodidi-, chloi xiid nut ivc silvi'r. 

( Niiirow lodes, eiilu spur. No 
•’ ( silver ore. 

\ Arj4‘‘iitite, ruin silver uud jiuliM? 


‘1. Mi'luiuni pliosc'd uud sili('eou.‘- f 
strata \ 

r». (.'idei felons kilumiiious strata 

tk Melaiuorpliosed jocks . . . 

7. CaileilVrou.s strata .... 


4 Dead e\eej>t, a lii\er of 

' ft. Ill eeut re oj'sl rata, uiakiu;' 
i rii li ill silvei ore in llie iioeoua 
( Mine aloiu!. 


I Native silver, auruiiouial ores, 
\ arseuitles, and siilpliide.s. 
tain ,, J><!;m 1 ^Muujud. 

unkiKiwri. ArHenidcsaud sulpliides of sihu-r. 


From tlie surhice for some distancti downwards the, lodes are 
filled with a soft clayey inaUTial, containing iron oclin*, ctdo spar, 
lieavy spar, inalftrliile, and native silver, togcth<*T with chloride, 
iodide, and bromide of silver, incfaks caJldoH. Occasionally small 
fragments of undecomposed sulphuretted ores are met with 
in these gossans. At a- d(‘])th varying from thirty*five to eighty- 
five fathoms, the mHalcs enJidofi disappear, and in tljcir place 
meiales frios^ consisting of silver glance, polyhasit(‘, pyrargyrite, 
blende, an 1 galena, make their appearance; but iron pyrites is 
of somewhat rare occurrence. 
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At Caracoles, on the frontier of Bolivia, the Upper Jurassic 
limestones and marls are traversed by quartz-porphyries and 
compact greenstones, the lodes, from eighteen inches to fourteen 
feet in width, being generally productive in the porphyry. They 
usually contain native silver, with the chloride, bromide, and 
iodide of that metal, while the gangues vary in the different 
lodes ; some consisting of calcite, gypsum, heavy spar, hornstone, 
and decc)irii>osed porphyry, others of quartz and hciavy spar ; while 
a few consist of heavy spar only. 

At Arqueros, in the province of Cocpiimbo, lieavy spar lodes, 
rich in silver, occur in Jurassic limestones traversed by porphyries. 
The ores consist of native amalgam, native silver, antimonial silver, 
silver chloride, stephanite, speiss cobalt, fahlerz, erubescite, and 
copper pyrites. 

Although the a.mount of silver raised in Cliili is very con- 
siderable, coppen* is, nevertheless, the most important product of 
the country. The principal copper mines arc situated in the 
provinces of Atacnina., Coquiiiibo, and Aconcagua, and the most 
important are those of San Juan and Carrizal near Copiapo, La 
Higuera near Ooquimbo, and Tamaya., about sixty-five miles from 
Ooquimbo, situated in an elevated mountain district. 

At t])e Rosario coj)per nnne, situated 2,680 feet above sea level, 
there arc two main lodes running parallel to one another, and 
only a short distance apart. The more regular of the two is the 
Veta Negra, which lies on the foot-wall side, striking 10° W. of N. 
and dip[)ing S. of W. I1ie Veta Verde is on the hanging-wall side 
and, although irregular, considerably resembles the Veta Negra 
both in strike and dip. There is also a lesser vein joining the 
other two, their junctitm being very rich ; both veins are intersected 
by cross-courses. The breadth of the lodes varies from one up to 
fourteen fathoms, the latter width being only attained where the 
throe veins come together. The Veta Venie, undulating u})on the 
Veta Negra, has produced many rich bunches at the points oi 
junction. The gangue is almost entirely felspathic with a little 
liornblende and calc spar, while the walls arc of diorite in which 
epidote and magnetite are accessory constituents.^ 

There are carbonates and silicates of copper near the surface, 
especially on the Veta Verde, but these do not extend to any 
considerable depth. Then follows purple ore ; but the principal 
part of the mine is worked on yellow copper pyrites ; the lowest 
workings being at a depth of 208 fathoms. The Panulcillo copper 
^ J. Lipkeii, Berg, und JIuUenm. Zeit. 1877, p. 129. 
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juine is forty-five miles from Coquimbo, the ore being obtained 
from a contact deposit and not from a true vein. The ore- 
bearing ground is divided into two parts by a cross-course and the 
two divisions are worked separately, being respectively known as 
the North and South Mines. These ore masses strike 5® W. of 
N. In the North Mine the deposit goes down perpendicularly, 
but in the South Mine it dips 63° E.; the cross-course striking 
45° E. of N. The North Mine deposit has a length of 900 feet 
along the strike, and the widest part yet opened measures seventy 
feet, the narrowest stope being about forty fec't across. The 
east side is composed of stuff too poor to work. The western 
wall is of porphyry and has a good selvage, while the eastern is 
composed of mica schist and is rather indefinite. The ore isc()})per 
pyrites, with a gangue of crystalline tourmaline. The dej>osit at 
the South Mine is 600 feet long, and filty fecit across in its widest 
part. The eastern wall of this lode is of mica schist, and the 
western w^all of crystalline limestone containing crystals of mica. 
The ore and gangue are of the sann; character as tlios(‘ in the 
North Mine. 

Carrizal Alto was once a very inqxutant copper mining district, 
but is now deckhidly on the decline, the co])per at ])restait ])rO' 
duced coming from ground already worked over. The lodes of 
this district, which run more or less parallel to one another with a 
north-north-east direction, arc fre(]ucntly crossed by igneous dykes, 
and are usually enriched wdicre so intersected. As a gcmeral rul(j, 
from the outcrop to a depth of twenty-five fathoms the oi’es are 
carbonates; for the next t(m fathoms friable melaconitti is mc't 
wdth ; while below this comes yellow co])per pyrites with iron 
])yrites to a depth of 240 fathoms. After this, so far as has 
hitherto been exjdored, dead ground prevails. Many (;th(*r im- 
portant copper mines are w^orked at various plac,(‘S in the 
Northern Provin(X‘S. 

The copper exported from Chili during the year J(S(S1 amounted 
to 38,030 tons and in 1882 to 42,960 tons. These figures repre- 
sent fine copj)er, and therefore include the metal contained in 
both ore and rcgiilus. Of the total amount of coppcT (*xported 
from Chili during 1882, 84 per cent, was in the metallic state, 14 
per cent, as regulus, and about 2 i)er cent, in the form of ore. 

In Chili the most common ore of cobalt is arsenical cobalt, 
and the most important lode is the Veta Blanca of San Juan; 
glance cobalt and erythrite are also worked at Tambillos and at 
Huasco. 
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BOLIVIA. 

The great extent and variety of the iiiinera] productions of 
Bolivia have given it an importance which it could not otherwise 
have possessed. Gold is found in considerahlc quantities in the 
mountainous parts of the country, and occui’s in lodes in association 
with silver and other ores. The greater ])ortion of this metal 
is, however, obtained from washings in the beds of rivers. Several 
districts in Potosi, Cliuquisaca, Santa. Cruz and Tarija, arci nurih'rous. 
The production of gold in Bolivia in the year 1881 was, according 
to Burchard, about 3,500 oz. 

Silver is however the staple metallic ])roduction of Bolivia, the 
mines of Potosi ^ being well known for their almost fabulous riches. 
They were discovi'red in 1545, and tht'ir annual ])roduction 
was estiniatcid by (ylievalier in 1845 at from 48,000 to 00,000 IhvS. 
troy. The celebnd.ed mountain of Potosi rises 2,007 feet above 
the groat square of the city of tliat name, wdiieh is situated at its 
base. It lias a somc'wlia.t conical form, and consists, fiom the 
summit to a diqitli of about 200 fatlioms, of (piartz-porpliyiy. 
From this point cla}^ slate forms a mantle round the ])orpbyry. The 
labour of the miners has been confin(‘d to the ujq)er portion, where 
about sixty lodes, coursing N.E. and dipping from 65 to 70° 
S.E., together with various workable strings of ore, traverse 
the por])liyry. Tln^ lodes continue dowm into the deeper })arts of 
tbe mountain, soniotim(‘s passing out of the por])]iyry into clay 
slate, in which, liow('ver, they become less ])roductive. The 
minerals contained in the lodes arc quartz, iron pyritc's, pyrargyrite, 
falderz, cassiterite, and silver chloride, L^gcther with native silver. 

The silver mines in the province of Chicas, have acquirf'd 
considerable celebrity on account of the richness and quantity 
of their ores. The once famous mines in La Paz are now aban- 
<loned, while those of Arque, Lipez, and of the department of 
Oriiro, are not regularly worked. In the last-iiamod district 
a porjihyry has burst through the clay slate, and is traversed by 
numerous lodes coursing N.E. and dipping from 45° to 85° N.W., 
with a thickness varying from three inches to several yards. The 
vein-stuff consists principally of porphyry impregnated with iron 
pyrites. Pyrargyrite, stephanite, jjlumositc, antimoiiial glance, 

* H. Kcrlv, vvfl TJvltnnu. Ztii. ]» 270; Ihid. ]>. 5 SP. 
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argentiferous falilerz, and cassiterite occur in strings. Near the 
surface ;pacos ores are found, while lower down malalas and 
neijrilLos make their appearance.^ In 1870 silver deposits were 
discovered at Caracoles, in the desert of Atacama. Burcliard 
states that in 1881 the silver production of Bolivia amounted 
in value to i?l 1,000,000. 

Copper takes the next rank among the valuable metals of 
Bolivia, and occurs in the departments of La Paz, Potosi, Chii([uisaca, 
Oruro, and Beni. At Algodon Bay, in tlio vicinity of the desert of 
Atacama, lodes from three to six feet, in thickness occur in diorite 
and syenite, and contain copi^er glance, together with copper pyrites. 
Tliey also contain atacainite, but azuriti' and malaehitc are never met 
with; the Atacaiuita Lode is especially rich in atacainite, which 
occurs mixed with red copper ore. 

The value of the copjier exports from Bolivia to the United 
Kingdom during the year 1882 vAas as follows : — 


Ore £40,71)4 

llegulus 8(),;]f)l 

127,185 

Tin is mined to a small exhmt in Potosi and Oruro, where it is 
found in association with silver ores. Cinnabar and lead ores Jiro 
also met with. 


PERU. 

Peru has long been famous for its wealth of silver and 
gold. KSoetbeer estimates the amount of gold produced during the 
years 1851 to 1875 at 20,570 lbs., worth .€1,804,825. The total 
export of gold from Peruvian ports during the yejiT 1877 amounted 
to 35,683 oz. 

Silver is, however, more widely distributed over the country than 
is gold. The silver mines of Huantajaya, Pasco, and Cliota, are re- 
markably rich, and great improvements in the system of mining were 
introduced into this district by tlie celebrated Richard Trevithick. 

The mines of Cerro de Pasco are perhaps the most remarkable, 
and may be taken as a type of the others. Among the princijial ores 
are the so-called the cahrados of tlie Mexican miners, which 

are ferruginous earths niixed with silver ores resulting from the 


^ II. Jifrtj, urul JTiiitenm, Zeit. I8<18, p. 77. 
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decomposition of argentiferous siilpliides. De Rivero ^ considers the 
Santa Rosa deposit not to be a true vein, since it is parallel with the 
formation. The hanging and foot walls are of a different character, 
and the gangue has no crystalline coinby structure. The mines of 
Pasco were discovered by accident in 1680, and are still the most 
important in the country. Their production was, in 1870 to 1875, 
1,241,888 marks; in 1876, 160,849 marks, and in 3877, 178,460 
marks, the mark being 230 046 grammes. The annual production 
of silver in Peru is estimated at about 345,000 marks.^ The 
silver ores of tlie north, and more particularly those of Scalpi, 
generally contain gold. These ores are for the most part 
sent for treatment to Swansea, and a small portion to Freiberg 
and Clausthal. 

Ores of mercury are widely distributed, and are said to have 
been known to the inhabitants before the invasion of the country 
by Europeans. Tlie deposits of Hnancavelica are the most im- 
portant, and have been worked since 1566 ; the cinnabar is found 
in Oarboniferous sandstones and clay slates, and is v(‘ry similar 
in its mode of occurrence to that of Alrnaden. Crosnier,'^ who 
went out for the Peruvian Government in 1851, re])orts 
that these quicksilver deposits have nothing in common witli 
true veins, but everything appears to indicate that tlie ore 
was introduced in a state of vapour at the time the strata 
were elevated to their present almost vertical position. 

Copper is of frecpient occurrence in Peru, but lead and iron ores, 
although plentiful, arc not worked. 

GUIANA, &c. 

The vast territory of Guiana is divided into Brazilian Guiana, 
Venezuelan Guiana, and Colonial Guiana. The first two divisions, 
comprising five-sixths of the entire region, are now included in 
Brazil and Venezuela respectively, while the last division is com- 
posed of the territories of British, Dutch, and French Guiana. 
Over the whole of this large country gold is found both in placers 
and msitn/imA there can be no doubt that a great South American 
gold-field is rapidly becoming developed which promises to rival 
the three great gold-fields of North America, Australia, and 
Siberia. 

^ Ann. des Mines, vol. ii. 1832, p. 169. 

2 “ Report of the Director of the Mint upon the Production of Precious Metals 
ill the U.S.'’ 1882, p. 535. 

“ Ann. des Mines, vol. ii. 1852, p. 1. 
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Venezuelan Guiana.^ — The most important mine of Veneziie- 
ld,n Guiana is El Callao, which may claim to be ranked among the 
richest gold mines of the world. The workings are about sixty 
fathoms in depth, the lode varying from four to seven feet in width, 
with an underlie of 52°. Generally the quartz is white, but occa- 
sionally it is tinged greenish by a chloritic mineral ; it contains 
much free gold witli but a small amount of sulphides. According to 
Dr. Foster, the Callao Lode courses north and south and dips west, 
the country rock being felstone with a little iron pyrites. The miners 
consider tlie presence of iron pyrites a favourable sign with regard to 
the productiveness of the lode. The lode had, in 1869, been worked 
for a distance of 1 00 fathoms along tlie strike, and is said to die out 
southwards. From 1871 to 1879, a total quantity of 67,862 tons of 
quartz was crushed, from which 252,978 oz. of gold were extracted. 
In 1880 the Callao Company's mines crushed 18,624 tons of qunitz, 
giving 54,018 oz. of melted gold, worth £205,969. 

The Chile Lode is probably, after Callao, the most iuiporlant in 
the Caratal district. The main lode courses E. 1 0° N., dips 45° to (>0° 
S., and varies from two to six feet in width. It consists mainly of 
quartz with brown oxide of iron, chlorite, talc, a white eartliy 
mineral like kaolin, and visible gold. The country rock is (H>mj)os(jd 
of talco.se clay slate, and a ferruginous hornstone also freijuently 
occurs. The latter rock, called “porphyry” by the miners, is 
regarded as a favourable indication for gold. The (Jhile (.V)mj)any’s 
mines in 1880 crushed 6,762 tons of quartz, giving '14,525 oz. of 
melted gold with a fineness of 912. The Potosi mines produced, in 
1880, 28,280 oz. of gold, worth £90,210. 

Gold mining, which is the chief and almo.st the only imiustry 
of the Caratal district, dates from 1866, since which time 
to December 1879, a total of 770,026 oz. had been .shipped at 
the port of Ciudad Bolivar ; the amount .ship 2 )ed in 1879 being 
107,722 oz. 

Dutch Guiana. — Gold digging commenced here in 1875, and 
the development of this branch of indu.stry has since marvellously 
increased. The production in 1879 was 679,914 florins. 

Fuench Guiana.— Indian tradition’ long ago affiruKjd the 
presence of gold in French Guiana, and both Humboldt and Buffon 
were of opinion that the geological character of the country rendered 
its presence probable. The diggings of Pastroptot, in the district 

^ C. Le Neve Foster, “ On the Caratal Gold Field,” Quart. Journ. Gml. Soc, 
vol. XXV. 1869, p. 236; “ Coneession relating to the State of Oniana, South America, 
and Reports on its Ihoducc, Gold Fields, &<*.,” London, 1882. 
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of Mana, produced 300 lbs. of gold during the first six months of 
1879. The auriferous bed is composed of quartz fragments resting 
on clay, with a covering of fine sand. 

British Guiana. — The rivers of British Guiana are known to 
bo auriferous, hut, bciyond washings by the natives, no mines or 
])lacers are worked for tliat metid. 

Unitkd States of (Jolomrja. — The United Stab^s of (Colombia 
have been long known as a goid-j>roducing country, gold mining 
having been commenced by the Spaniards in lo.ST. Tlie annual 
production is now about 000,000. The gold of Giron is perhap.s 
tlie purest unrefined gold in tlie world, as its fineness often reaclu^s 
twenty-three and a liaif carats. Tlie prodiu^tion (if silver in 1880 
a.mounted to $1,000,000. 

The production of this great gold-field in South Aimulca., nortli 
of the Riv(‘r Amazon, was reccmtly as follows; ^ — 


U. S. of (5(.dombia, 1880 84^000,000 

Vbmeziu'lan Guiana ,, 2, 201), 000 

Duleh Guiana 1879 272,000 

French Guiana, 200,000 


Total 0, (>72,000 

Argentine Herltreio. — It is stated by Mr. Ki(Aard, that at 
the period of his writing (1803) tht^re were twenty-eiglit gold mines, 
the same; number of placer washings, forty-six silver mini's, and 
eleven co})])er mines working in the Ri'public, produc*ing 3,054 oz. 
of gold, 418,201 oz. of silver, and 15,032 cwts. of co]>per.“ (Maronce 
King estimates the production of the precious metals in the 
Argentine Republic during the year 1880 as: — gold $78,540, silver 
$420,225.'* 

Among the most important mines ari' tliose in the province 
of Rioja, wlievo the formation is Silurian. Tlie i‘o])per ores of 
this region always contain both gold and silver, while auriferous 
veins of (piartz are of not unfre(|uent occniTcnce. 

^ ** Report of tho Director of the Mint iijioii the rroUuotioii of Precious Metals in 
the U.S.,” }). 543, 1832. 

* F. Rickard, ‘MMiiicnil Resources of the Argentine Republic,'’ London, 1870. 

C. King, “ Prod.uctiou of the Precious MetaL",” 1881. 
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Areiu’aiink, ironstone of, IPfi 
Abyssinia, ore denosits of, 514 
Actnlia ('luireoal Iron Conij>any, G02 
A(‘.oiioa«<ua, copper niiiies of, (518 
Acton co])i>er mine, r>t^'2 — 595 
Adtlerbury ironstone, 160 
Adrian on Hodritsoh syenite, 333 
Aff^hanistan, copper deposits in, 433 
Africa, antimony of, 518 
copper of, 514, 518 
‘Told of, 514 
iron of, 514, 516 
lead of, 516 

pvoduetion of inetalliferous minerals 
in, 514- 518 
fjiiicksilvor of, 518 
silver f*f, 518 
zinc of, 518 

A^'e of mineral veins, 39, 58, 67, 113, 
241 

A^mr.lo Mine, 349, 350 
A;(iie<da <j[not<‘<], 74, 201, 312, 382 
Airdrie blackbarid, 22it 
Airedale, leud-minin;:^ in, 190, 191 
Ajinir, gal<*iia and eopper oie of, 428, 432 
Alabama, prodiie.lion of gold, silver, and 
iron in, 557. 582 
till ore of, 565 

Ala.ska, production of gold and silver in, 
542, 543, 557 

Albii<iiier([U(; d’Orey on ore depo.sits of 
Portugal, 379 

Alderley Edge, copiier mining at, 29, 177 — 
180 

Aleiiitejo, ore deposits of, 383 
Algeria, antimony of, 517 
copper of, 516 
iron of, 515 
lead of, 516 
mineral veins of, 68 
zinc of, 517 

Algodon Bay, coj>]»er lodes of, 621 
Alleghany Mountains, (|uurtz veins of, 90 
Allendale lead rniiics, 181 
Allenheatls mining district, 188 
spatlioac ii'on ore of, 159 
Alluvial golil, 262, 263 


Ahnaden, ouieksilver of, 104, 331, 374 
375 ; 2 )rotIiiclion of, 379 
Almeria, lend and tin of, 368, 375 
Alps, metalliferous mining in th(‘,248 — 251, 
349 

Alston Moor, lead of, 65, 70, 159, 181—192; 
produetion of, 189 

millstone grit and mountain Umestoue 
of, 182 -lvS4, 192, 193 
Altai ore deposits, 407 
Altenberg, ealamiiK? of, 257 
mining at, 269 
stoekworks of, i)9, 100, 108 
tin ore of, 310, 311 ; production of, 
310, 311 

Alter St. Joseph Mine, 275 
AuHTieu, 'North, oi(* d«*posit«of, 109, 519 — 
612 ; United States. 

South, ore d(!poHits of, 109, 613 — 024 
Amiiieberg, zinc and lead of, 393 
An.-ilyses t>f — 

antler eontainiiig tin o.\i<le, 13 
Idnestone, 21 <♦ 
cDjtper Kcliisf, 295 
iion ore.s, 16, 170, .378 
ir>a sinter, 60 
lignite., silicihed, 5 
mine water, 121, 122 
jihyllites, 84 

roi'.ks, Ae., by Sandberger, 82 
serieite, 264 
wood, Hili(tifi<*d, 5 
Andesite, 339, 340 
Aiiglesea, mining in, 207 — 211 

production c»f ochre, bluestonc, and 
eoj>j)er in, 211 
^'Angling leads,” 60l 
AiJiiaberg district, silver veins of, 309 
Antimony ore, 271 — 280, 300, 301, 380, 
445, 473, 485, 517, 566- 567 
l»roduction of, 251, 300, 316, 322, 
331, 341, 357, 379, 474, 485, .583 
reefs, Huli>hiir ij», 88 

Antlers, containijjg tin oxide, from stream- 
w'orks, 13 

Antrim iron ore, 220 — 223 
Antweri), iron ore of, 260 
Aosta Valley, cor»per of, 349 
magnetite of, 355 
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Apeiiiiiiics, copper mines of the, 350 
A}»palacbiaii Chain, ore deposits of, 581, 
584, r>08 

A(iuhoiis ascension, 87 

solutions, metalliferous deposits from, 
22, 78, 79 ; AVater. 

Ararat gold-fields, 453 
Arcluean rocks, 384, 544, 578 
Areiuial, ore deposits of, 390, 391 
Argali on Ovoca mines, &c., 214, 220 
Argcntiere Mine, 217 
Argentine lUjpuhlic, 024 
Argentite, 144, 275, 303-305, 318, 335, 
367, 447, 476, 611 
Ariege, mines of, 246, 247 
lliver, g(jld from, 232 
Arizona, gold and silver ])roduction of, 
542, 557 

mining industries of, 536 
Arkansas, iron ore of, 582 

snlpliide of antimony in, 567 
Arkendide, lead veins in, 190 
Arkengartli Dale, (noduction of leail oiv 
at, 192 

Armidale, antimony of, 485 
Arqiie, silver mines of, 620 
Anjneros, silver lodes of, 618 
Arsenic, 53, 81, 97, 160, 301, 305 
in ferruginous ontcrojis, 53 
])r(»duetion of, 316, 320 
Arsoniral jiyrites, 311, 319 ; iiroduclion of, 
330 

Arsenious oxide, 305 
Artificial production of minerals, 98 
Ascension theory, 88 
“ Asehe," 27 

Asliburm r on Ontario Miin;, 536 
Asia and Oceania, ore deposits of, 411 — 
448 ^ 

Asia Minor, chromite of, 365 
Assam, gold of, 425 
iron ore of, 442 

Atacama, silver and copjier of, 616 — 621 

Atacamita Lode, 621 

Atacainite, 304, 621 

Attwood, reference to, 69 

Augite, metals in, 82, 83 

Auriferous drifts, 508 

grav(ds, 4-8, 219, 521 
quartz, 88, 324 
rocks, 202 — 204 
sands, 231 
veins, 60 

Australasian Colonies, ore dc[iosits and 
production in, 448 — 514 
Australia, gold of, 468 
lignite of, 455 
mullock veins of, 78 
8nl}>hur in mineral veins of, 88 
tin ore of, 13, 110 
South, bismuth of, 502 
copper of, 497 
gold of, 495—497 
lead of, 501 


Australia, South, production of, 497 — 502 
regulus of, 501 
zinc of, 502 

Western, copper of, 604 
lead of, 504 

production of copper and lead in, 
504 

Austrian Empire, antimony of, 322, 331, 
341 

arsenic of, 320 
bismuth of, 320, 322, 331 
blende of, 326 
cobalt of, 320, 331, 341 
copper of, 322—331, 341 
gold of, 316, 322—332, 311 
iron of, 316, 322—331, 341 
Iliad of, 319—322, 328 
niangane.se of, 322, 331, 341 
nickel of, 320, 323, 331, 341 
production in, 319- -341 
I )y rites of, 319 
quicksilver of, 331, 341 
silver of, 316 — 332, 341 
suljdiur of, 322, 328, 331 
tin of, 321, 322, 331 
uranic oxiile of, 320, 322, 331 
wolfram of, 322, 331 
zinc of, 322, 327—331, 341 
Aveyron, metalliferous deposits of, 243 
Axinite in tin deposits, 97 
Ayishire slatvhand, 229 


15 . 

“ Baiuc ” in strata, 187 
Baddeley on gold of ('anadii, 584 
Baden, calamine of, 274 
gold-washing in, 276 
mineral veins in, 56 — 58 
15ahu metalliferous ilopusit, 615 
Bail 1 is on Bilbao ore deposits, 377 
Baily on plant-remains, 222 
Ballon gold, &c. of India, 412—442 
BallacorkisU Mine, 212 
Ballarat gold-fields, 443 — 459 
Balls of ironstone, 173 
Baloehistaii, ain ient lead mines of, 429 
lianat, ore deposits of the, 340, 341 
Banbury, brown Inematite of, 169, 170 
Baiiea, tin of, 13, 445; production of, 445 
Bangor slates, metals in, 85 
Barber on gold in India, 414 
Barmouth gold district, 202 
Barossa gold-field, 495, 496 
Barraiide, reference to, 318 
Barratt on Bengal cojiper ore, 431 
Barytic lead formation of Fi*eiberg, 305 
Basalt of Victoria, 454 
“ Basins,” 17 

ironstone in, 197 
Basset,” meaning of, 17 
Bassick Mine, 547 — 550 
Bathurst district, antimony of, 485 
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Bauer on Agordo Mine, 349 
on lead lodes, 262 

Bauermaii on iron ore of Kamanii, 442 ; 
Nassau, 271 ; Northamptonshire sand, 
169 

Bauiner on formation of veins, 75 
Beach combers’* and ** Beach boxes.” 
509 

Beam tin mine, 99, 100, 136 
Bean ore, 23 

Bearhaven copper mines, 223 
Beaumont, ^llie de, theory of, 52 
Bt*aiixite, 222 

Beeher on formation of minerals, 74 
Becker on Comstock Lode, 530 — 532 
Bedded veins, 90 

Bedford United Minos, })roductiou of 
copper at, 150 
Beechworth gold-liel<ls, 450 
Belgium, calamine of, 253 

iron, lead, and zinc (jf, 251 — 253 ; 

production of, 253 — 260 
limonito of, 251 

Bell on Lake Superior eopju'r region, 568 
on rocks of (Jan ad a, 587 
Bemhi, malachite vein of, 514 
Bendemeer, tin ore of, 481 
Bendigo gold-ludd, 465 
Bengal, eo])p<‘r or<‘s of, 430 
gmid of, 422 
iron of, 440 
le.id of, 427 
till of, 436 

Bengal Iron (^om])aTiy, 441 
Beni, coi»peT of, (i21 
Beivsite, 402 

Besseges, gold found near, 2 
Better-l»ed coal, 166 
Betts’ ( ;<)Vo copper ore, 6()9 
Beiist on Freilxu’g lodes, 30«; 

on Uodna deposit, 346 
Beiitlu'ij, ealamine mining at, ;il2 
production of iron ore at, 315 
Bilbao, iron ore of, 366, 376 
Billiton, tin ore of, 445 
Bing, weight f»f, 189 
Birkenbcrg workings, 317 
Birnbaum group of mineral veins, 286 
Biscay, iron ore of, 376 
ore deposits of, 360 
Bischof on cojiper in clay slates, 85 
on lateral secretion, 82 
Bismuth, 301, 311, 485, 502, 507, 608 
production of, 308 — 331, 4S5, 562 
Bituminous matter in lead veins, 177 
Blackbaud, 23, 196, 228, 280, 582 
production of, in Scotland, 230 
Black Bed Mine, 165 
Black Brush ore, 157 
Black Forest, antimony of, 274 
copper of, 274 
lead of, 274 
mining in, 273 — 277 
nickel of, 274 


Black Forest, silver of, 274 

Black Hills of Dakota, oixj deposits of, 551 

Black sands, 7 

Black Shale Rake, 168 

Black till, 128—145 


Blackwell, S. II., diseovery of iron oie bv. 
172 


Blake on minerals of ('alifornia, Ac., 519, 
528, 536, 542, 567 
Blancliland lead mines, 181 
Blanford on lead and iron of Iiulia, 128, 
439, 441 

Blasting first emjdoyed in Kngluiid, 191 
Bleiberg lead ores, 265— 267 
Blende, 94, 165, 200—228, 268, 303—319, 
326, 338—341, 380, 392, 393, 618 
production of, 202—213, 228, 235, 
269, 314, 315, 326, 361 
Bb^vberg lead mine, 253 — 257 
Blm*, gravels, I 

Bluest one of Anglesea, 210, 211, 518 ; 

of Ireland, 217 
Bliimberg gold-field, 495, 496 
Boate on gold in London' Irrry, 217 
Bobert on fablbands, 385 
Bockswueser lode-group, 280- 284 
Bodie mining district, 526— 52M 
Bog iron on*s, 13 ; production of, 2'(> 

Bog Mine, 176 
Bohemia, eassiterite of, 95 
copper of, 31 7- 322 
early mining in, 316, 317 
gold of, 316—322 
iron of, 316-322 

production of melallifevons mineials 
in, 322 

silver of, 317- 322 
tin of, 31 1, 31 6, ,”)22 

Bdhiiier <m Ibmmielsberg nic, dcpfsil, 287 
“ Bolnierz,” 277 
Bolivia, eopjx r <)f, 621 
gold of, 620 
lead of, 621 
hilviir of, 621 
tin of, 621 

Bombay, gn’ena of, 429 
"ohi ( f, 424 
iron of, 441 
tin of, 430 

“ Bonanza,” meaning of, 50 
Bonniahon distrie.t cojijiei iiiimss, ‘J2:i 
Boorook silver min< H, 476 
Borax Lake, 68, 69, 89 
Borlase on rornisb tin mining, M5 
B(»rneo, gold, platinum, kr. of, 445 
Boron in tin deposits, 97 
Botallack Mine, 124 

jimduction of tin and copper (U’e at, 
125 


Botella on the Sieira de Uartagena, 368 
“ Bottom balls,” 168 
Botza, gold-mining at, 332 
Boiirnonite, 141, 286, 303—305, 338, 

345 
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Bourson on Bilbao ore deposits, 377 
Bovet on iron ore of Brazil, 615 
Bowling Ironworks, 165 
Bracken Sykc Vein, 159 
Bradda Head copper lode, 212 
Brahmaputra, gold and iron of the, 425, 
442 

Braun on zinc ore, &c., 258, 273, 275 
Brazil, copper of, 616 

gold and silver of, 613 616 
iron of, 615 
itabirite of, 25 
lead of, 616 
manganese of, 616 
Breage mining district, 128 
Brecciated lodes, 43 
Breithaupt on metalliferous veins, 55 
Brendon Hills mines, 154, 155 
Brewer gold mine, 553 — 556 
BricHcy Ironworks, 165 
Bril on zinc ore, 268 
Britain, early mining in, 110 
British j\Hsociation Reports, quoted, 66, 
121, 189 

British Cloliiinlna, ore deposits of, 604 — 
608 

British Guiana, gold of, 621 
British Museum, antlers containing tin 
oxide in, 12 

Brittany, mining in, 230 — 235 
till of, 233 

Brixl(‘gg mining district, 323 — 325 
Brocli on geology of Norway, 384 
Brooks on American iron ore, 576 
Brora Valley, gold of, 225 
Brown, H. Y. L., on ore of Wostcrii 
Australia, 503, 504 
BroAvn luuinatites, 169, 170 
Brown Rake, 165, 168 
Brown spar, 41, 303, 305, 333, 339 
Briickmann on gold veins, 261 
Buchamin on gold in India, 414 
Bucklers tin mine, 136 
Butf on stihnite, 271 
Bulfon on French Guiana, 623 
Bunch, or hiinchy lodes, 51 
Bunny Mine, 99, 100 
Buntcr Sandstone,, 95, 177, 178, 243, 265— 
275, 296 

Burat on contact deposits, 104 

on foliations of stanniferous rock, 101 
on metalliferous districts of France, 
233 

on mining industry of the Vosges, 
235 

Burehard on silver of Bolivia, 621 
Burgstadter lode-group, 280 — 283 
Burma, gold of, 425 
iron of, 443 
lead of, 429 
tin of, 436 

Bm-ra Burra copper mine, 495—498, 500 
Butterley Brown Rake, 168 
“Butzen,*’ 105 


C. 

Cachoeika metalliferous deposit, 615 
Caesar on British copper and iron, 110 
Calabria, limoiiite of, 342 
Calamine, 94, 200, 267, 268, 276, 359— 
364, 370, 549, 663 
production of, 313 — 315, 364 
Calailas, ore deposits of, 373, 374 
Calaveras skull, 6 
Calceola slate, 286 

California, auriferous gravels of, 4 — 7 
black sand of, 7, 8 
cinnabar from solfataras of, 89 
early man in, 6 

gold of, 4—7, 71, 81, 455, 467, 468, 
519—529 ; production of, 557 
liot-spring deiiosits of, 68—73, 81, 87, 
88 

quicksilver of, 331, 558 
recent mimn’al veins of, 68 
silver of, 529 ; iirodiictioii of, 557 
sulphur of, 68, 69, 569 
tin ore of, 566 

Californian miners on depth in mines, 60 
(’alljngton mining distriet, 63, 144, 145 
Camborne mining district, 121, 129 
('ameroii on Sutherland gold, 224, 226 
Canqibell, D, , analysis liy, 60 
Campbell of Islay on Sutherland gold, 226 
Campiglia Marittima, tin ore of, 353 
Canada, black sand of, 7 
copper of, 591 — 5i)7 
gold of, 584—587 
iron of, 13, 597—509 
production of gold, silver, and copper 
in, 585, 589, 595 
quartz veins of, J)0 
silver of, 587—590 
“Canga,” 616 

C'anigou sjiathose iron ores, 248 
Ca})e of Good Hojie, copi>er of, 514 ; pro- 
duction of, 518 
Cape Jervis, lead ore of, 501 
“Cupels," meaning of, &c., 31 
Capidiig of lodes, 53 
Caracoles mining district, 616, 021 
Caradon mines, 138 — 140 

production of copper ore at, 140 
Caratal gold-field, 623 
Carhonas, 95, 96, 108, 118, 126, 127 
Carboniferous formation, ironstone of, 22, 
24, 94, 158-164, 195 
gash veins in, 93 

lead and zinc of, 64—67, 79, 154, 155, 
180—195, 254 
Carclaze, tin of, 99, 100 
Cai-digaiishire, metalliferous district of, 
197—202 

production of lead and silver in, 197 — 
202 

Carew on Cornwall, 188 
Cariboo, gold of, 604, 605 
Carinthia, clay slates of, 85 



INDEX. 


031 


Carinthia, lead and zinc of, 310, 828 
• iron of, 329 ; production of, 329 
Carnal], reference to, 37 
Cam Brea Mine, 131 
Came on forest beds, &c., 12, 34 
Carniola, quicksilver of, 316, 329 — 331 
Cara Alarth Lode, 47 
Carolina, North, copper of, 572 

gold of, 61 ; production of, 557 
iron of, 581, 582 
silver production of, 557 
sulphur in gold mines of, 88 
South, gold of, 61 ; production of, 557 
silver production of, 557 
Carreg-y-doll Lode, 208, 209 
Carreg y-Grogan, or shell stone, 209 
Carrizal copper-mining district, 618, 610 
Carruthers on Rio Tin to fossil jdants, 16 
Cartagena, tin ore of, 375 
Carthaginians, mining by, 380 
Cassiterite, 12, 95, 130, 234, 804, 353, 
396, 436, 459, 512, 565. 566, 620, 621 
Castell Cara Dochan Mine, production of 
gold at, 204 

Castle Dome mining district, 511 
Caatlemaine gold-fields, 452 
Caucasus, ore deposits of the, 405 
Cazalla silver mines, 367 
Cefn Coeli Mine, 202, 204 
]»roduction of gold at, 204 
Celebes, gold of, 145 
Ceresier cojiper mine, 250 
CeiTO del Mercado, iron ore of, 609 
Cerro de Pasco, silver mines f)f, 621 
Cerro dc Proaho, silver of, 611 
Cerussite, 59, 200, 303- 305, 319, 314, 
380 

Clialanehes, silver, &c., of, 248 — 250 
Cha]eo])yrite, 59, 165, 194, 203, 204, 215, 
217, 326 

Chalk, flint veins in, 24 
Chambers, ore deposits in, 30, 105, 106 
Champion Bay district, ore deposits of, 
503 

Champion Lode, 113 
Chafiarcillo, mines of, 616, 617 
Chapeau de fer,” 52 
Charlotte Mine, 280 — 284 
Charters Towers gold-fields, 487 — 489 
Chatard on Brew’cr Mine, 553 
Chaumattiya Mine, 435 
** Check,” meaning of, 18 
Cheeks of veins, 30, 190 
“Cheeses,” 168 

Chemical action, ore deposits from, 13 
Cheshire, copper and lead mining in, 177 — 
180 

Chessy copper mines, 243 — 246 
Chesterfield, production of ironstone from, 
168 

Chevalier on Potosi silver mines, 620 
Chicas, silver mines of, 620 
Childrenite, 145 
Chile Company, 623 


Chili, copper, gold, and silver of, 616— 
618 ; prodnetion of, 616, 619 
Chimneys of ore, 50 
China clay, 9, 99, 186 
Ohiusella Valley, iron ore of, 355 
Chotn, silver mines of, 621 
Christow, lead ore of, 151 
Chrome ore, 365, 404, 410 
Chromium, 608 ; production of, 866, 410 
Chuquisaen, copper of, 621 
Church on Comstock mines, 72, 530, 5;'>2 
“Churns,” iron ore in, 157 
Ciiinahar in casts of fossil fish, 278 
in sulphur, 68, 559 
from hot springs, 71, 81, 89 
Clnike on gold of hiew South Wales, ITl 
oil tin of Australia, 481 
Claiidet on hluestonc, 210 
on ('raignnre ore, 227 
Claiidet ]>roe(‘ss, 373 
(dausthal, clay slates from near, 85 
fragment of lode from, 43 
mines, production at, 289 
ore deposits of, 43, 279, 280, 285 
Clansthalite, 297, 305 
Clayhand ironstone, production of, in 
Scotland, 230 

Clay ironstone, 164, 229, 251 
(’lay slate, metals in, 85, 10! 

Clear Lake, cinnabar of, (59 
CleeMine, Finland, 409, 410 
Cleveland ironstone, 173, 174 
(dogau gold mine, 202—204 
(’Innes, aurifi'rons slat(^ at, 463 
Coal-measures, ironstones of, 22, 23, 147, 
158—169 
lead veins in, 254 

Cohalt ore, 274, 280, 300—310, 389, 405, 
436, 619 

l>roduction of, 230, 308, 316, 320, 331, 
341, 379, 3SK), 391, 397, 408, 583 
Cocchi on rocks of tin; Air'iinines, 350 
Cochran -Pat rick on Scottish mining, 224 
“(•ockadc ores,” 43, 305 
Cockleshell lamestone, 186 
“ C’ockshnte,” 195 
Cogne Valley, iron-mining in, 355 
Colcnso on Happy Union Streamwork, 9 
Colctb; on Bilbao district, 377 
(’ollins on antler containing tin oxide, 13 
on Cara Marth Lode, 47 
(■ollyweRtoii slates, 170 
Colombia, geld ami silver of, 024 ; [U’O- 
duction of, 624 

Colorado, gold and silver of, 104, 543, 550, 
557 

iron of, 582 
lead of, 563 

lignite and hajinatite of, 581 
“Colorados,” 52 

Colusa County, einnuhar from, 69 
sulphur si)ringH of, 87 
Combes, reference to, 37 
Combs, andconjby lodes, 44, 77 
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Commern, lead ore of, 28 — 30 ; production 
of, 267 

mines of, 265, 269 
ore deposits of, 95 
Comstock Lode, 69 — 73 

production of silver from, 529 
Cone-ill-cone structure, 165 
Coniiary copper ore, &c., 213 — 217 
Connecticut, iron ores of, 582 
Contact deposits, 30, 103 
Continent, early mining on Hk;, 110 
Cook’s Kitchen Mine, 131 
Oopia])o, copper mines noai’, 618 
Copper, early use of, in liritaiii, 110 
in ferruginous outcroj)s, 53 
in gossans, 53 

in mine water, 132 ; in sea water, 84 
in slate, 85, 125 

production of, 125—158, 195, 211 — 
217, 228, 251, 269- 357, 371— 3S2, 
387—410, 431, 447, 473, 479, 480, 
491, 498 -504, 518, 568- -576, 583, 
595, 619, 621 

Sm foir/'y NaiiKJS of [ihices. 
Oo[)per-l)earing schist of Mansfehl, 27, 
289 

Copper hazles, 186 
Cof)per-niekeI, 275, 305 
Copper pyrites, 129, 200, 209, 303—311, 
324, 337, 338, 344 
Co])per snndstone, 177 — 180 
Co(|uiTnbo, copper mines near, 618 
Cordelia on mining in (Jreecc, 357 - -365 
Cornstoiics, 24 
Cornwall, cassiterite of, 95 
country rock of, 62, 63 
co]»per of, 61, 63, 113, J25— 148; 

production of, 125- ] 17, 153 
deepest mine in, 130 
electric cMirnnits in reins of, 78 
geology of, 111—144, 2;;3 
gold of, 138 

iron and iron pyrites of, 135—115, 
155 ; production of, 135, 138, 145 
lead of, 132 — 148 ; ])ro(luction of, 132 
--148 

lodes or veins of, 34, 41, 52, 56, 61, 
113, 114 
inagiudite of, 26 

mining distriets of, 31, 52, 110 -153 
silver of, 133 — 148 ; pro<luction of, 
133—148 

sloekworks and Streamworks of, 8 — 
13, 98, 99 

tin of, 8—13, 61, 101, 117, 124—148, 
217 ; production of, 125, 146 
olfram of, 135, 145 ; i)roduetioii of, 
125, 146 

zinc of, 135 ; ]>roduetioTi of, 135 
Cornwall copper mine, Missouri, 571 
Cornwall Mine, Pennsylvania, iron ore of, 
576-578 

Coromandel, gold-bearing re(‘,fs of, 511, 
512 


Cotta quoted, 54, 55, 65, 193, 262, 273 — 
277, 287, 297, 301—309,335—341, 
370, 375, 407 

and Muller on grey gneiss, 65 
Counter lodes, 114 
Country rock, 30, 41, 42, 62, 82 
Courses of ore, 49 
Craig Green Vein, 169 
Craignure Mine, 227 

Credner on St. Andreasberg, &c., 281, 
286, 297, 569, 573 

Creswick, f^ossils in deep leads at, 453, 455 
Croghan-Kiiisbolla, gold near, 213 
Cromarty, se))taria of, 24 
Cronebane copper ore, &c., 213 — 217 
Crosnier on Ikiruvian qiiicksilve-r, 622 
(’roHs-conrses, 31, 118, 149, 201 
Cross Kell, lead and iron of, 159, 181, 182 
Crosslicld Iron Company, 162 
Cross t Jill, 186 

Cr.;sH- veins, 31, 118 — 120, 182 
(’ulin series, 113, 280 
Cuml»erlan<l, influence of country rock in, 
64 

lead, silver, and zinc of, 180, 189 
r(*d luematitc of, 160 — 164 
Ciijwilerous ]>yritcs of S])ain, 371 
Curtis, Comstock rocks assayed by, 532 
Cwm Kiaen Mine, 202, 204 
production of gold at, 204 
Cwm Ystwytb mines, 199 


I). 

DAiii.nou fablltands, 385 ; .svr Kjcrulf. 
Daintree on gold of Australia, \.c., 73, 
460, 469, 470, 471, 486, 487 
Dakvita, ]H*oductioii of gold and silver in, 
551, .557 

D.ilccarlia, ore deposits of, 392 
Dale iMoor bake, 168 
Dana on cassiterite, 566 
DandaMiiic, 433, 434 
Daniel’s Lode, 127 

Daiiiuunora, iron ore of, 395 ; production 
of, 395 

Darjiling copper ore, 435 
Darlcy Dale iniuing district, 193 
Darlington on Hurra Hurra Mine, 498 
on Miiiera lead mines, 205 
oil Wynaad gold-tields, 419, 420 
Dartmoor mining district, 149, 151 
Daubree on artiOcial production of 
minerals, t>8 

oil gtdd gravtds of the libinc, 231, 
232 

on minerals associated with tin ore, 97 
Davey on silver ot New vSoutb Wales, 476 
Dawson on gold of Hritisb Columbia, 604 
- 60S 

Dean on gold veins in Wales, 202 
Dean Korest Mining Act, 158 ; sec Fovtst 
of Dean 



INDEX. 


Dechen on quicksilver mines, 278 
IXj la Beche on faults in veins, 
on rocks of Derbyshire, lOt 
on tin veins and el vans, 113 
Delaware, production of iron ore in, 5S2 
Dclife Lode, 199 
Delius on lateral secretion, 81 

on Rammelsbcrg ore deposit, 2S7 
on vein fissures, 75 
Del Mar on yield of Oonisfock, 533 
Denbighshire mining district, 204 — 207 
production of lead and silver in, 207 
De Bance on whin sill, 180 
Derby on gold mines of Brazil, 013 
Derbyshire, clay ironstone of, 105 
cojjpor of, 104 
country rock in, C4 
gnitsof, 102^ 

ironstone of, ]67-“ld0; produetiMn 
of, IdO 

lead of, 04, 192—104, 205 ; pro- 
duction of, 194 
silver of, 104 

De Ivivero on Santa lh»sa dej^osit, 622 
Derwent le.ad mines, 181 
Deutz district, production of lead ore in, 
267 

Devonian system, ore deposits of, 15, 24, 
155, 253, 262-2S0 
Devonshire, coppej- of, 1 10 - 151 
lead of, 140 -151 
magnetite of, 2i) 

pro<luclion of tin, copper, I(‘ad, and 
silver in, 150 — 154 
tin of, 151-15:: 

Devon tlrcat CVmsols iMiiic, production of 
copper at, 1 to, 150 
Diallogitc, 81, 303- 305, 3;:3, 330 
Dietleidiacdi (»n the Ki'^eiiheig, 261 
Dic'iterweg oji lead lodes, 205 
I)i(!ulafait, rclcreiiee to, 84 
Diez distriet, ]>rodncdion of lea<l ore in, 
267 

Dillenburg, cojiper of, 260 
Inematilc' of, 271 

Diodorus Siculus on inetallihrous veins, 
73 

Dip of strata, 17, 31 
Dislribulion of ores in lodes, 48 
Dixon on lead oie of India, 428 
Dohschaii, lodes of, 337 
Dodder Valley gold, 218 
Doelter on VorOspatak, 340 
Dogger, 160, 174 
DoJeoath Min(‘, 50, 130 — 132 
deej)est in (,’ornwal], 130 
iron sint<-r of, 59 

production of copper ami tin at, 130, 
131 

Doleritesof Ireland, 220 
Dolgelly gold district, 202 
“Dollar,” derivation of, from “thaler,” 
317 

Dol-y-frwynog Mine, 202, 204 


(>;);) 

Domesday Book and Dean Forest iron, 156 
Dorothee Mine, 283 

Douglas oil antimony and copper, 567, 593 

Douk Burn Vein, 187 

Dovre ore beds, 386 

Dowlais, coal and ironstone of, 23, 196 

“Downthrow,” imsining of, 18, 19 

Dradge lodes, 51 

Dredging for iron ores, 14 

Drifts of Victoria, 455 — 459 

“ Drop])ors,” meaning of, 41 

“ Druses,” 41 

Ducktown, copper and iron of, 573—575, 
580 

Dufrenoy on h’am ie iron oic, 218 
Duren dislihd, 265- 269 

production of lend, zinc, ami blende 
in, 2()7- 269 

Duiliam, iron of, 155, 15S, 165 
lead (»i; 189, 189 

production of lead and silver in, 18J) 
Durotdier on sublimation, 80, SI 
Dutch Fast Indies,! in ore iirodm tion in, 
444, 445 

Duteb (liiiana, gold of, 623 
“ Dutchman’s ’’ ailit, li>4 


I-:. 

Kast Bh.udi Craig Mim*, ])roductimi of lead 
and blende at, 228 
Kast (’raven Moor, lead mines of, 192 
Kast Crinnis copper mines, 136 
Kast Huel Lovell, 96, !i7 
Kast Huel llosi*, 132 
Kast Indies, antimony ol, 445 
copper of, 445 
gold of, 445 
iron ()]’, 445 
]>)atinum of, 445 
(piicksilver of, 445 
tin of, 445 ; ju’oduction of, 415 
Kast I’(»o] Mine, production of c<»]iper and 
tin at, 131 

Kbbw Vale ironstone, 154, li)6 
Kehunga gold field, 495, 496 
Ecton eo]i[»er ndm s, 194 ; production <.f, 
195 

Kdder alluvium gold, from, 261 
Eddy on lead veiTis, 191 
Jiggertz on Kaliin copper, 394 
KhrenlMirg on lake ores of Swed<-n, 3!'7 
Ehrenfrieiiersdorf, tin of, 311 
Kibenstock district, ore deposits of, 310 
Kifel, lead of tlic, 29, 265 
Jiinestone of lln*, 268 
zinc of the, 268 

Eights ; .Slnqinid and Eights. 
Eisenherg, cnpjier ami gold ol, 261 
“ Eiserner Hut,” 52 
Eislfibeii mining disliict, 291, 292 
Ekaterineiihurg ore deja'sits, 402 
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Elba, iron of, 24, 842, 354, 356 ; liroduc- 
tion of, 357 

Elbingerodc, production of iron at, 297 
El Callao gold mine, 623 
Electric currents in veins, 78 
Elvans, 62, 111—113, 118, 120, 128, 129 
Emma Mine, 105, 106 
Emmons on Leadville, 104, 645 
Ems, clay slates of, 86 
lead lodes of, 265 

England, ore deposits of, 109 — 195 
Enriquita quicksilver mine, 568 
Ernst on Italian mines, 343, 344 
Ernst- August Mine, 283 
Errington de la Croix on Perak tin, 443 
Erube8(!ite, 194, 304, 308, 338 
Erzengtil quicksilver mine, 278 
Erzgebirge, antimony of the, 301 
black micas of, 83 
copper of, 301 ; production of, 307 
gold of, 301 

iron of, 301, 311, 312 ; production of, 
312 

lead of, 301 ; production of, 307 
manganese of, 301 
mercury of, 301 
mining in, 310 

nickel of, 301 ; production of, 308 
silver of, 301, 308 ; ]>roduction of, 
307—309 

tin of, 801, 800—312, 317 
zinc of, 301 

Eschwege, gold from the Edder by, 261 
on tin ore of Valongo, 382 
Eskbank Iron Company, 485 
Espedalen nickel mine, 389 
Estymteon Lode, 198 — 201 
Eubam, chrome ore of, 365 
Eureka Consolidated Mine, 105, 106, 534 
livans on Parys Mountain, 207 
Evcrwyii on East Indian tin, 414 
Evora, ore dex>osits of, 380, 381 
Exmoor, spathosc iron ore of, 1 55 
Exmouth Mine, 151 


F. 

Faiiluands, 30, 65, 66, 102, 108, 384 — 
304 

Fahlerz, 308, 324, 325, 335—389, 345, 
620, 621 

Taller on Dobschau lodes, 337 

on Schmollnitz ore deposits, 336 
Falun copper ore, 893 ; j^roduction of, 394 
Farey’s ‘^Minerals of Derbyshire ” quoted, 
193 

Fastenherg, silver and cobalt of the, 310 
Faults, 18—22, 35, 186, 190, 195 
reversed, 21, 40 
Fault veins, 190 
Fawler ironstone, 169 
“Fedcrerz,*’ 212 
“Feeders,” meaning of, 41 


Felsohanya mines, 335, 336 
Fichtelgebirge, iron ore of the, 312 * 

phyllites of, 84 
Fifesnire slatyband, 229 
Finland, iron ores of, 13 

ore deposits of, 408 ; production of, 
410 

Fissures, 52, 107, 108 
Fissure veins, 87 
Flagstaff Mine, 105 
Flats, 94, 187, 190—193 
Flintshire, lead of, 205 

production of lead and silver in, 207 
red haematite of, 196 
“ Floor,” meaning of, 18, 99 
Florence mining district, 345, 350 
Florida mining district, 616 
“ Flotz,” 295 
“ Flucans,” 31, 66, 118 
Fluor spar, 41, 84, 98, 117, 303—311 
Foliation of stanniferous rock, &c., 101, 
Foord oi\ gold nuggets, 461 
Foote on Indian gold and iron, 424, 425, 
439 

“ Foot wall,” moaning of, 30 
Forchhaiumer, analyses hy, 82, 85 
Forest beds over tin ground, 12 
Forest of Dean, early iron trade in, 156 
iron of, 155 — 158 ; production of, 158 
Formation of mineral veins, 77 — 88 
Fossils, casts of, in galena, 94 

in ore deposits, 4 — 16, 24, 28, 66, 67, 
94, 165—169, 173, 222, 278, 300, 
400, 453, 476, 520, 563 
Fossil wood, gold in, 78, 449 
Foster, C. Le Neve, on gold of Guiana, 
623 

on lluel Mary Ann Lode, 46, 47 
on impregnations of tin ore, 96 
on Park of Mines, 133, 135 
Foster and Whitney on Lake Superior 
copper nigiou, 568 
Fournet on mineral veins, 30 
Fowey Consols Mines, 35, 136, 137 
Fox on electric currents in veins, 78 
Foxdale Mines, 211, 212 
Frainont iron ore, 238 
France, antimony of, 251 
blende of, 235 
copper of, 233, 243, 251 
gold of, 231, 232, 247 ; production of, 
232 

iron of, 23, 232, 233, 238, 246—248 
lead of, 234—243, 251 
iiiaTigauese. of, 251 

production of metalliferous minerals 
in, 251 

silver of, 234—243, 249—251 
till of, 233 
zinc of, 233, 251 
Frankenberg, copper ore of, 28 
Franklinite, 577 
Frank Mills Mine, 151 
Free Miners, Order of, 158 
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Freiberg district, deepest sinking at, 307 
• lodes of, 45, 302—307 
production in, 307 
silver of, 65, 301 
vein material of, 54 
Freieslebenite, 304, 305, 367 
French Guiana, gold of, 623 
Fresnillo, silver lodes of, 61 1 
Frick on copper in clay slates, 85 
Friedrich-Christian Vein, 56, 57, 275 
Friedrichsroda district, pyrolusite of, 299 
Friedrich- Wilhelm Mine, 269 
Frome, fossils in veins of, 67 
FronGoch Lode, 198 
Frue on Silver Islet, 589 
Fumarolcs, metalliferous deposits from, 87 
Furness, red htematite of, 160 — 164 
Furuhjelm on gold of Finland, 410 


G. 

“GABBiiO Bosso,” 350, 351 
Galena, 59, 165, 200, 267, 308, 318, 324, 
326, 338—340 
casts of fossils in, 94 
Galicia, iron ore of, 316 
‘‘Gallionella ferrugiiiea,” 397 
Gamba metalliferous dei)Osit, 615 
“Gangue,” 2, 41 
Garcia on tin of Spain, 375 
Garhwal copper mines, 433 
Garnets, 326, 341 
Gamier on nickel, 513 
Garrigill, lead veins at, 188 
Gash veins, 30, 92, 108 
Gatterer on llammelsberg ore, 287 
Gaudalcanal silver iiiimfs, 367 
Geister Lode (Ilohemia), 321 
Gellivara, iron ore of, 396 
Genesis of mineral veins, 73 
Genoa mining district, 349 
Geological kSurveys, referenccjs to, 217, 520, 
585, 586, 593, 594, 600, 604—608 
George and Charlotte Mine, 145 
Georgia, cojjper ore of, 573 

gold and silv(!r of, 557 ; production 
of, 557 

iron of, 581 ; production of, 582 
Gerbstedt mining district, 291 
Gerhard on lateral secretion, 81 
on vein fissures, 7 5 

Germany, antimony of, 271, 280, 300, 
316 

arsenic of, 316 
bean ore of, 23 
bismuth of, 308, 310, 316 
blende of, 269, 314, 815 
calamine of, 276, 313 — 315 
chamber deposits of, 105 
cobalt of, 308, 316 

copper of, 262—269, 274, 280, 289, 
296, 300, 307, 315, 316 
gold of, 261, 275, 298, 301, 316 


Germany, iron and iron x)yritcs of, 13, 23, 
262, 271—276, 280, 297, 800, 301, 
311—316 

lead of, 28—30, 262—268, 286, 289, 
307, 312—316 

manganese of, 280, 298 — 301, 316 
mercury of, 270, 277— 279 
nickel of, 271, 274, 280, 808, 316 
production of metalliferous minerals 
in, 300—316 
pyrites of, 280 

silver of, 270, 274, 275, 280, 296, 
307—309, 312, 316 
stockworks of, 99 
tin of, 301, 309—312, 816 
uranium of, 316 
wolfram of, 316 

zinc of, 262, 268, 269, 289, 313—310 
Gcrolstoin, lead ores of, 29 
Gesner, tin ore working l>y, 565 
Geycr, stockworks of, 99, 100 
production of, 311 
Geysers, metals from, 81 
Gill on Bilbao iron ore, 376 
Gippshmd gold-licdds, 453 
Gii*on, gold of, 624 
Gladbach, zinc and hiad of, 268, 269 
‘‘Glamm,” 340 

Glamorganshire, clay ironstone of, 165 
red liamiatite of, 195 
Glasdir Mine, 204 
Glendalough lead veins, 217 
GlengarilT iron ore, 220 
“ Glauch ” lodes, 338 
Goddclsheim mijies, 262 
Godiiiliode Kredia on Vi on tana ore, 443 
Gold, early known in Britain, 110 
in alluvial detritus, 2 
ill fossil wood, 449 
in gossans, 53 
in 8egregat(‘d vidns, 90 
in tin streams, 138 

ju’oduction of, 204, 218, 227, 298, 
316, 322—332, 341—344, 357, 379, 
400—410, 420, 447, 457, 471—475, 
487, 489, 497—557, 583, 585, 602— 
624 

See under Names of places. 

Gold mines, sulphur in, 88 
Gold nuggets, 461 
Goldbach, gold from the, 262 
Golden Ago silver mine, 477 
“Golden Chersonese,” 443 
Golden Rivers Company, 457 
Goldisthal, gold mining at, 298 
Goldkronach, 85 

Goldlauter, metalliferous ores at, 299 
Gondwana rocks, 437 
Goiigo Soco gold mines, 615 
Good Enough Claim, 537 — 540 
Goslar slate, 286 — 289 
“Gossans,” 62, 53, 59, 197 
Gottes Hiilfe Mine, 380, 387 
Grabill on Bassick Mine, 547 — 550 
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Granite, impregnation of, by tinstone, 96 
mineral veins in, 111—144, 149, 211, 
233 

Grassington mines, 190—192 
Grasslitz, copper mine at, 317 
“ Oranliegendes,” 28 
Graupen, tin mining at, 321, 322 
Gray on mines of Chili, 616, 617 
Great Cobar copper mine, 470 
Great Consolidated Mines, 132 
Great Limestone, 187 — 192 
Great Mother Lode, 526 
Great North-West Company at Ballarat, 
464 

Great St. Bernard Valley, iron ore of, 355 
Great Sulphur Vein, 186, 187 
Greece, blende of, 364 
chromium of, 366 
copper of, 364 
geology of, 357, 358 
gold of, 359 
iron of, 304, 365 
lead of, 359—366 
magnesite of, 365, 366 
manganese of, 364, 365 
production of minerals in, 364 — 366 
silver of, 359 
zinc of, 359, 364—366 
Greenwell on C(ipper sfindstone, 179 
Grcigory on tin-tields of (Queensland, 491 
“Greisen,” 100 
Grt‘y gneiss, 65 

Grimm on Ott'enluinya 339, 340 
Grindstone sill, 183, 187, 192 
Gritstone beds, lead ore from, 189 
Groddeek quoted, 43, 92, 264, 265, 279, 
280, 308, 350, 352, 375 
Grosskogel Mine, 324, 325 
Grouping of minerals in lodes, 53 
Guanaxuato mines, 610 
Giienyvcau on mining at Poiif.gibaud, 240 
Guiana, gold of, 623, 624 
“ Guides,” meaning of, 118 
Guild of miners, 157 

Gunnis Jjake Glitters Mine, 145 ; produc- 
tion of copper at, 145 
Gurlt (jiioted, 267, 279, 366, 384 
Giite-Gottes Mine, 275 ; ])rodiiction of 
gold at, 298 
Gwalior iron ore, 440 
Gwennap mining district, 03, 129, 132 
Gwyn-frwynog Mine, 204 
‘‘Cfypsschlotten,” 27 
Gypsum, 303 — 305, 333 

H. 

Hackt?t on Australian gold, 474 
on Indian lead, 428 
**Hade,” meaning of, 20 
Haematite, 24, 25, 94, 137, 160—170, 195, 
197, 213, 251, 297, 301, 308, 310, 353, 
356, 365, 382, 383, 404, 441, 515, 581, 
597 


Hague on mineral resources of Belgium, 
254 

on nickel, 513 
on Russian mines, 398 
Hainault, limonite of, 252 
“Halvans,” 128 

“ Hanging wall,” meaning of, 30 
Hanover ironstone, 173 
Happy Union Streamwork, 9, 137 
Harcus on South Australia, 497 
Harvey Hill copper, 593, 594 
Harz, antimony of the, 280 
copper of, 280 
iron of, 280, 297, 298 
lead of, 280 
manganese of, 280 
metals of, 83 ; production of, 2S9 
mining in, 212, 279 — 298 
nickel of, 280 
l>yrites of, 280 
silver of, 275, 280, 285 
ITarzgerode mining district, 280, 286 
Hans Baden and Carl Mine, 275 
Hausmanu on ore deposits, 287, 391 
Hans Sachsen Mine, 386 
Hnzlca, 159, 183, 186, 189 
Heat in mines, 532 
Heave of lodes, 18, 32, 120 
Hector on New Zealand gold, 512 
llcinzenberg aurift rous (piaitz, 324 
llelland on on? dejmsitsof Norway, 886 
Henckel on formation of veins, 74 
Hengisthuvy Head, iron ore- of, 23 
Henwood on carbonas, 95 

on Cornish mining, 111—124, 111, 
143 

on count ry rock, 62 
on lodes of C’lialanches, 249 
on metalliferous veins, 55, 56, 78, 
101 

on ore deposits of Brazil, India, &c,, 
433, 435, 442, 553, 613 
on segri'gation of ores, 92 
Ilerberton tin mines, 492, 493 
Herder on Freiberg lodes, 304, 305 
Herges district, iron ore of, 300 
Herland Mine, 129 
Herodsfoot Mine, 140 -143 
production of lead at, 1 12 
Herrengnind, ore deposits of, 337 
Herter on granite veins, 388 
on silver mines, 384 
Herzog Georg-AVilhelin Shaft, 283 
Hesse, coppcir of, 28, 296 

production of lead in, 267 
Hettstedt mining district, 291, 29*2 
Heurteau on gold of New Caledonia, 513 
Hewas tin mine, 136 
Hiddenh ole Mine, 186 
Hideherg lead mines, 262 
Hiendelaencina silver mines, 367 
Himmelfahrt ^Mine, production of, 304, 307 
Himmclsfurst ^Mine, 305 ; iwoduction of, 
307 
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Hodge on Wisconsin copper, 575 
Hodritsch silver ores, 332, 333 
Hoferon lodes of Kainiik, 335 
on Transylvania, 338 
Hollman on formation of lodes, 74 
Holywell district, lead of, 205 
Holzappel, clay slates of, 85 

lead of, 262 — 265 ; production of, 265 
Homestake mining district, 551 
Hoppensack on Aliriaden deposits, 375 
Hornblende, 82, 83, 326 
Horn silver, 476, 611 
Horiistoiie, 303 — 305, 370 
“ Horse,” a mining term, 35 
Houglistetter, mining in Britain by, 110 
Huancavelica, mercury of, 622 
Huaiitajaya, silver mines of, 621 
Hiibner ; see llicliter 
Huel Betsy, 144 
Huel Clifford, 121, 122 
Huel Cock, 124 
Huel Crebor, 145 
Huel Crofty, 49 
Huel Edward, 125 
Huel Eliza, 136 

Huel Friendship, production of copper at, 
150 

Huelgoot,leadof, 43, 234, 235 
“pebble,” 142 
veinstone, 42 
Huel Ludeott, 143 
production of silver and lead at, 144 
Huel Maria, 149 

Huel Mary Ann, 46, 47, 140—143 
Huel Seton, 49, 121, 122 
iluel Trelawiiy,"140 — 143 
Huel Virgin, 12, 137 
Huelva coi>per district, 366, 371 
Iluene on deposit at (lladbacli, 268 
Hiilfe-Gottes Mine, 271 
Hull on copper-bearing ro(;ks, 178 
Humboldt on French Guiana, 623 
Hungarian Statistical Bureau, 341 
Hungary, gold, silver, and tpiicksilver of, 
316, 331, 332 
mining in, 331 — 341 
production of metalliferous miucrals 
in, 341 

Hunt, K., “ Mineral Statistics ” of, quoted, 
123, 128, 146, 189, 197 
Hunt, T. SteiTy, on ores of America, 565, 
572, 576, 608 
on Quebec group, 608 
Hutton on Now Zealand gold-fields, 509 
Huy, iron mines near, 252 
Hyderabad, gold of, 422 
Hydraulic mining, 6, 7, 508, 523 


I. 

Idaho, gold and silver of, 526, 542, 557 ; 
production of, 557 
stream tin in, 566 


Idria, tpiicksilver of, 316, 329—331 
Igelstrbm on Pajsberg ore beds, 395 
Igneous injection of mineral veins, 77 
llfeld, production of niangauese at, 297, 
298 

Illinois lead region, 562 
llmeiiau district, pyrolusite of, 299 
Iinpregiiatioiis, 30, 94, 108 
India, copper of, 430 — 435 
gold of, 411 — 425 
iron of, 436 — 443 
lead of, 426 
mines of, 607 
nickel of, 436 
ore deposits of, 411 — 443 
production of copper, gold, iron, and 
lead in, 420, 427, 328, 431, 441 
segregation of ore in, 92 
silver of, 426 

sulphur in auriferous quartz of, 88 
till of, 435 

Indian Archipelago, dtstrital tin ore of, 13 
liitUaua, iron ore of, 581 ; i)roduction of, 
582 

Infusoria, lake ores produced by, 397 
Jntersotdion of veins, 35, 124 
Jowa lead region, 562 
Ireland, copper of, 213, 223 
gold of, 213, 217 -219 
iron ore, and iron pyrittfS of, 21 3-— 223 
lead of, 213, 217 
lignite of, 222 

mines and mining in, 213—224 
tinstone of, 21 9 

Iron Mountain, Missouri, 578 -- 580 
“ Iron-bearing measures,” 195 
Iron ore, pisolitic, 23 

and iron pyrites, i>roduction of, 110, 
135, 138, 145, 158, 169, 174, 197, 
213, 223, 230, 246, 251, 253, 260, 
273, 297—333, 341, 353, 357, 364, 
376—391, 395, 405—410, 441, 447, 
507, 516, 576-583, 603 
Iron ores, 13—17, 158, 169—174, 219 
in metamorphosed rocks, 24 
ill stratified beds, 2 
in tin deposits, 97 
Sec under Names of plac(*,s. 

“Iron Ores of Great Britain,” quoted, 15S, 
166,196 

Iron jiyrites, 15, 94, 165, 304—326, 335— 
344, 474, 599 
gold from, 474 
Iron sand on sea beaches, 7 
Ironstone, 22—24, 164 — 169 
in balls, 173 
junction bed, 173 
Isle of Islay, lead mine of, 227 
Isle of Man, copi)er of, 213 
lead of, 212, 213 
mines of, 211 — 213 
silver of, 212, 213 
Ispagnac lead mine, 243 
Itabirite, 25, 613 
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JUcolumito, 613 
Italy, antimony of, 357 

copper of, 349—353, 357 

«old of, 343, 844, 357 

iron and iroji j)yrit(‘H of, 353 — 357 

lead of, 344—346, 354, 357 

manganese of, 357 

mines of, 842 — 357 

production of metalliferous minerals 
ill, 340—357 
<|uiclvsilver of, 344, 357 
silver of, 344, 357 

tin of, 363, 354 ; production of, 354, 
357 

slatistiiis of mines in, 343, 357 
zinc of, 346 — 349 ; production of, 347, 
849, 357 


d. 

“ Jauonkk,” CIO 

Jack on Queensland gold and tin, 487, 493, 
494 

Jiiekson on Lake Superior copper, 568 
on Snlphnr Lank, 559 
Jacotinga, 613, 614 
Jaen, kiad ore of, 368 
Jamaica Inn, iniiies near, 137, 138 
Japan,inincral wealth of, 445 — 448 
Jars oil Lead hills, 227 
JeiiTiey on Ontario Mine, 536 
Jervis on Italian mines, 313, 344, 354, 356 
Joacliimsthal, lead and silver of, 301, 317, 
320 ; production of, 317, 320 
^MoaeliimsUialer” (or thaler), the rirst,317 
doass on Sutherland gold, 226 
Jocuistita silver mine, 612 
Johanngeorgenstadt, ore dejiosits of, 310 
dolin, King, tin mining in time of, 145 
Johns on Kolai* gold-lield, 421, 422 
Joints in relation to lodes, 118 
Jones T. Rupert, reference to, 24 
Judd on Northampton sand iron ores, 170 
—172 

Jukes on rocks of Derbyshire, 194 
dunctioiis of lodes, remarkable, 137 
Jniig on copper deposits, 269 
Jupiter Creek Diggings, 495, 496 


K. 

Kaafjo ui) Mine, 389 

luempfer on mineral w'ealth of Japan, 446 

Kandern, iron ore of, 276 

Kaolinizatioii, 532, 539 

Kapnik, lodes of, 335 

Kapnnda copper mine, 497 

Katongo cojiper district, 514 

Kelchalpe Mine, 327 

Keld Heads lead mines, 192 ; production at, 
192 

Kellerberg, quieksilver mines of, 278, 279 


Kelmisherg zinc ore, 257, 258 
Kendall on iron ore deposits, 161, 164 
Kent, iron ores of, 13 ; production of, 172 
Kentucky, iron ore of, 581 ; production of, 
582 

Kessler Cave Mine, 105 
Keswick, copper of, 110 
fossils in veins at, 67 

Kcuper series, ore deposits of, 85, 178, 313 
Kildonan, gold of the, 225, 226 
Killas, 34, 111, 125—132 
Kilmacoo Lode, hhiestoiic of, 217 
Kiiiahaii on gold, kc., of Ireland, 214 — 
223 

Kindler on vijgetablc matter and feme 
hydrates, 14 

King, C., on Comalock region, 530 

on metals of Argentine Republic, 624 ; 
of Mexico, 612 

on Pacilic slope mining districts, 519, 
520 

King, W., on gold of tbe Wynaad, 415 
on lead and iron of India, 426, 439 
Kingsgate hisinuth mine, 486 
Kinzig Valley, ore dt^posits of, 274 
Kirkendbrigbtshire lead and tiopper ore, 
227, 228 

Kirk Mieliael Mines, 212 
Kitzbiihel c*o])pei' mine, 327 
Kjernlf on fahlbands, 385 

and Dahll on roiiks of Norway, 385, 
390 

Kleingauiron mines, 276 
Kleinkogel Mine, 324, 325 
Kuockmahon mines, 43 
copper miu(‘S, 223 
** Knottensandshdn,” 266 
Kocnen on Nanzeiihach lodes, 271 
Kohler on Rainiiudslxjrg ore bed, 289 
Kohir gold-field, 421 
Kongeiis og Armen Mine, 385, 386 
Kongsberg silver mines, 65, 66, 102, 103, 
384, 385 

Kbnigiii Charlotte Mine, 284 
Kopparberg iron ore, 397 
Kremuitz mines, 332, 334 
Kriix Mines, iron ore of. 299 
Kumann, copper and iron of, 433, 442 
Kupferplattc Mine, 327 
** Knpferschiefer,’* 27, 290 — 296 
Kuttenberg mines, 319 

L. 

Labiiapou, iron sand of, 7 
Lacroix-aux- Mines, 236, 237 
La Gardette gold vein, 281 
“ Lagerschiefer,” 323, 327 
La Higiiera, copper mines of, 618 
Lake County, gold and silver of, 550 
Lake Eric, iron ore of, 598 
Lake ore, 13, 396, 410 
Ijake Superior, co})perof, 77, 78, 568, 587 
production of, 570 
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Lake Superior, ii*on of, 25, 580, 581 
silver of, 78, 588 — 590 
La Motto Mine, 563 
Lanarkshire blackbaiid, 229 
Lancashire, clay ironstone of, 165 
red haematite of, 160 — 164 
Landriii on Laoroix-aux-^lines, 237 
Landsberg, cpiicksilver mines of, 278 
Langdon’s Reef, 512 
Lanreath Mines, 140 
La Paz, copper and silver of, 620, 621 
Lapland, magnetite oi‘, 25 
Larout, tin ore of, 444 
Lasiiis on formation of veins, 76 
on lateral secretion, 81 
on Rainmelsbcrg ore deposit, 287 
Lateral secretion theoiy, 81 
Laterite of India, 220 
Tiatta, reference to, 73 
Laur on gold of California, 71, 523 
on metals from mineral springs, 87 
Laurium, calamine of, 363 
iron of, 364 
lead of 363—366 
mica schist of, 358 
mining at, 358, 359 
production at, 364, 366 
Laiitcnthal mines, production at, 289 
Lavas, metallic minerals in, 89 
La Yieille MonLigm* (bm[>any, 393 
J ^awry’s Carbona, 127 
Laxcy Mines, 211, 212 
I^cad in clay slates, 85 ; in gossans, 53 
with witherite and Iioavy spar, 109 
Lead deposits by agency of water, 189 
Lead-measures, 181 

Lead mines of the Carboniferous Limestone, 
180-194 

Lead ore, deposition of, 79 

former production of, in Britain, 110 
from copper sandstone, 180; from 
Hats, 187 

in argillaceous shales, 191 ; in slate, 
117 

production of, 133, 135, 142, 145, 148, 
154, 176, 177, 188—228, 235—268, 
286, 289, 307, 312—331, 341—346, 
357, 364—379, 391—397, 408, 410, 
427, 428, 447, 494, 502, 504, 516, 
541, 546, 563, 583 
See under Names of idaces. 
sheets of, 94 

Leadhills Mines, 227 ; production of lead 
and silver at, 228 
Leadville, chamber mines at, 107 
gold and silver of, 104, 543 
metallic production of, 546 
Lead veins, 64, 180—192 

bituminous matter in, 177 
Leads” and “ Leaders,” 187, 526, 601 
** Leap,” meaning of, 32 
Lc Conte and Rising on Sulidinr Bank, 
559 

Leeds (Canada), eoj^per of, 592 


Lehmann on mineral veins, 7 5 
Lehrbach, iron ore of, 297 
Leicestershire, lead and iron of, 29, 169 
Lelant, mining district of, 125 
Lemberg, quicksilver mines of, 278, 279 
Leopold Mine, 275 

Le Play on the Ahnadeii deposits, 375 
Lc Sueur, discovery of lead ore by, 561 
Jjcvant Mine, 125 
Lias, calcareous nodules of, 24 
fossils of, 66, 67 

ore dciM)sits of, 23, 66 — 68, 169 — 174, 
353, 515 

Lidgate ironstone bed, 167 
Lieber on Brewer gold mine, 555 
on lodes in rtigard to dt‘pth, 61 
Lieg(‘, iron ore of, 260 
Liguria, manganese of, 354 
Limbourg, iron on' of, 260 
Limestone, chambers in, 105 
gjisli veins in, 92— 94 
lead ore in, 61, 188-191 
north of Kngland, 159 
red Inematile in, 195 

Limonite, 251—253, 297, 301—305, 342, 
355, 856, 441, 442, 512, 581, 597 
Linares lead mines, 368 
Lincolnshire, ha'inatitc of, 109, 173 
prodnetion of iron ore in, 174 
Lindal Moor deposits, 102 — 164 
Lipez, silver mines of, 620 
Li]>ken on Kosario coj>per mine, 618 
Lipoid on Idria, &c., 329— 333 
Lisburn Mines, 202 ; production of lead 
and silver at , 202 
Liskeard, lead veins near, 140 
Lithium in mine water, 122 
Little Bay cop]»er ore, 609 
Jdttlo Bounds Mine, 124 
Little Limestone, 187 — 189 
Llam]>eter metal lifermis band, 199 
Llaubrynmair, parallel lodes near, 199 
Llancynfelyn Mines, 198 
Llaiifair Clydogau Lode, 199 
Llangynnod, lead veins around, 199 
Llanidloes, miiKis near, 199 
Llantrissant, iron ore near, 197 
Llwyn Malys Lode, 198 
Lodes, brecciated, 43 

change in (piality of, 117, 118 
distribution of ores in, 48 
dradge, 51 

ferruginous cajjping of, 53 
interseetiou of, 120 
in regard to cross- veins, 120 ; to 
depth, 60, 61 ; to toadstone, 192 
minerals in, 53, 56, 59 
outcrop of, 52 
parallel, 51 

richer at junction, 118 
symmetrical repetition in, 45 
thickness of, 113, 114 
Lode-systems of the Harz, 281 
L<)fas Mine, 393 ; production of lead at, 393 
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Lo^au, Sir W., ou of Lake 

Superior, &c., 568, 505 
Lombardy, iron ore of, 651, 655 
Londonderry, gold in, 217 
Lorraine, iron ore of, 252 
Low Moor Ironworks, 165 
Lnganure lead veins, 217 ; production of 
lead and silver from, 217 
Lukis on Sentein Mines, 240 
IjiiYcnibourg (iJ(dgiinn), iron ore of, 252, 
200 

(dermany), production of metalli- 
ferous minerals in, 616 
Lyme llegis, nodules from, 24 
Lyne oji tin of New South Wales, 482 


M. 

MAci-’AiaANic on Silver Islet, 500 
Madras, eop]>er of, 460 
gold of, 413 
iioii of, 469 
lead (»f, 420 

Madrid, zinc deposits of, 370 
Madura, iron or<‘ of, 439 
Magnetic iron ore, 656, 576 
pyrites, 638 

Magnetite, 25, 297, 641, 842, 655, 682, 
401, 467, 441, 446, 515, 577, 597, 608 
Magui’ka, lodes of, 666 
Maims eopjxT (»f, 570 

prfMluction of gold and silvan- in, 557 ; 

of iron, 582 
tin of, 565, 566 

Malacca, mineral wealth of, 443 — 445 
Malayan Arehipeiago, minerals of, 446 
Maltidano zinc ores, 647 
Mallet on gold of Ireland, 219 
Mamrnotli Caves 105 
Manes on (hjyer mines, 311 
Manganese, 2, 22, 137, 155, 197—200, 
2S(), 297—601, 651, 364, 365, 379, 
383, 404, 405, 603, 616 
production of, 260, 251, 298 — 601, 
816, 322, 361, 341, 357, 379, 383, 
697, 586, 606 
Manor House Lode, 159 
Mansfold, copper sidiist of, 27, 84, 280, 
290—296 ; })n)duetion of, 296 
Marazion mining district, 123 
Marsh, forest hed in, 12 
Marco Polo on gold in Japan, 446 
Mavieuberg, silver ami tin of, 301 ; pro- 
duction of, 609 
Maryborough gt)ld-ftelds, 452 
Maryland, cojtper of, 570 

iron of, 582 ; production of, 582 
Massachusetts, iron of, 582 ; ju’oduction 
of, 582 
tin of, 566 

Massaret on tin of Spain, 375 
Matamoros, iron ore of, 376, 377 
Mather on zinc, 564 


“Matrix,” 2 

Matzcukopfel Mine, 324, 325 
Maughold Head hajniatite lodes, 213 
Mawddacli Kiver, mines near, 202, 204 
Mawe on Ecton mines, 194 
on Leadhills, 228 

Mediterranean, copper in salterns of, 84 
Medlicott on lead of India, 429 
Meier on lodes of Magurka, 336 
Mcinerzhagener Bleibcrg mine, 267 
Meissner Adit, 279 
Meiidip Hills, fossils in vedns of, 67 
lead of, 154 
mining in, 154 

Menheniot lead district, 140 — 143 
Mercury, 69, 81, 2/0, 277, 301, 622 
Merionethshire, gold of, 202 — 204 
Metallic sulphides, formation of, 88 
Metalliferous deposits, 1, 30 ; contact, 
106 ; from aipieous solution, 22 ; 
from Bolfataras, 87 
miner.ils, association of, 51 
veins, association of ores in, 55 
eleetrie currents in, 78 
more fre»|U.!nt in older rocks, 67 
org.inic nntler in, 84 
tlj<5ories regarding formation of, 
77—88 

Metals, 1 

in chambc'rs or pockets, 105 
in gossans, 56 
in phyllitt's, 84, 85 
in sea water, 84 
in slates, 85 
in stratilied r(»cks, 85 
Metamorphism, beds altere.il by, 24 
eapcls resulting from, 31 
Meurthe et- Moselle, pnxl notion of iron 
ore of, 232 

M exico, gold and silver of, 609 ; prodiictiou 
of, 611, 612 

Miask, gold nugget from, 4u0 
Mica, metals in, 82, 83 
Mieliel on Canadian gold-fields, 586 
Michigan, iron of, 581 
gold and silver of, 557 
Michipicoteii, ore deposits of, 590, 596 
Mi<n-oscopic examination of veinstorn-s, 41, 
42 

Miednorondiansk copper ore, 403 
Mies mines, 319, 320 
Milan mining district, 644 
Mill Close Mine, 193, 194 
Miller, W. A., ou mine water, l‘2l 
Millerite, 165, 303, 3i)5 
Minas Geraes, gold of, 613 — G15 
iron of, 016 

“Mine,” meaning of, in iron districts, 167 
Mine, deepest existing, 317 
“Minebluue,” “ mine jaune,” &c., 244 — 
246 

Minera Mine, 205-207; production of 
lead, blonde, and silver at, 207 
“ Minerais complexes,” 518 
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** Mineral Resources of United States,” 
<luoted, 583 

‘^Mineral Statistics,” reference to, 153, 
213, 217, 230, 444, 445 
of Hungary, 341 ; of New South Wales, 
474 ; of Victoria, 471 
Mineral tallow, 165 

ISIiueral veins, age of, 36, 39, 58, 67, SO, 
83, 113, 241 
genesis of, 73 
igneous injection of, 77 
palieontology of, 66, 67 
recent, 68 
sulphur in, 88 
water in relation to, 87 
Minerals, artificial production of, 08 

in lodes, succession of, 53, 56 ; pse-inh)- 
morpliie, 59 

Mines, depth of, 130, 142 
heat in, 532 
under the sea. 121 

Mine water, sulphates of iioii and copper 
in, 132, 211 

Mining atreeted hy droughts, 476 

early, 110, 223,230, 239- 213,217, 
258, 275, 276, 279, 289, 298, 301, 
807--312, 316, 343, 345, 353, 358, 
366, 375, 380, 4U6, 610, 621 
liydraulic, 6, 7, 508, 523 
regions, priiieijial, 109 
l\Iining Ilun-au of JVtrtugal, 37t> 

Minette, 252 

Mincliin, reference to, tl5 
Mint at .loaehiiusflial, 3.17 

of United J^tatfs, repoit on, 534, 547, 
553, 556, 622, 624 
Mis])iekel, 304, 305, 528 
Mississippi Valley, gash veins in, 92 94 
lead of, 561, 562 
Missouri, eoj)])er of, 570 
iron of, 25, 578 - 582 
lead of, 561 — 565, 570 
zinc of, 565 

Mittagoiig, iron ore of, 485 
l^littellKirg, inaiigaiiese ores of, 299 
Moissenet on mineral veins, 52 
Mokta-el-lladdid iron mine, 515 
Mold district, lead mines of, 205 
Molybdenite, 310, 311 
Molybdenum in tin deposits, 

Moncorvo iron oic dej>osits, 383 
Monmouthshire, hrowji iron ore of, 197 ; 

production of, 197 
l^lono Lake, hot vapours from, 527 
Montana, gold and silver of, 551 ; j»ro- 
duction of, 552, 557 
lignitt! and hsematite of, 581 
tin ore of, 566 

Monte Ainiata, cinnahar of, 342 
Monte Catini, contact deposit at, 104 
copi>er of, 350 

Monte Narba silver mines, 344 
Montgomerj^shire, metalliferous district 
of, 197—202 


Montgomcryshiie, ju'oduction of 
blende, and silver in, 202 
silver of, 197 — 202 
Moonta copper mine., 498, 499 
Moore, 0., on palieontology of mineral 
veins, 66, 67 

Moore, R., on blaekhand, 229 
Morgan Morgans on Brendon Hills, 155 
Morocco, ore doj)osits of, 514 
Morro Velho Jjode, 614, 615 
Mottram St. Andrews copper mines, 177, 
178 

Motz on United Slates ore dejfosils, 553 
Mount Bischoff, tin ore of, 505 — 507 
Mount cojiper mines, 136 
Mount ilyiiiettus, zinc of, 364 
Mount Ramsay, bismuth of, 507 
Mount’s Bay submerged forest, 12 
Mouza'i.i copper mine, 516 
Muller on ore of the Schnechtug, Ac,, 307 
--310, 404 

“Mullock,” 78, 422, 164 
Munioe on mineral wealth of .Iap:i,u, 415 
Muust«;r Valley, lodi's of, 275 
Murchison, Sir R., on gold of Sutherland, 
226 

on quartz reefs, 467 
Munua, lead and zinc of, 366 *;J6!» 
!Mynyddysllwyn coal-seam, 196 
Al^sore gold-(iehL, 121 


N. 

Nachitk, 301, 305 
Nagydg, mining at, 338 
Nagylrinya, lodes of, 335, :5:'.6 
Namaqualaiid, <^oj»per ore of, 518 
Namur, iron ore of, 260 
Nant-y (’reiau Mine, 200 
Nuiizeiihach mines, 270, 271 
Nni>le.s, black sands of, 7 
Niismark Mine, 389 
Nassau, lead of, 267 
Native antimony, 315 
aisenie, 285, 338 
bismuth, 275, 308, 311 
copper, 53, 78, 275, 301, 591 
gold, 310 

silver, 144, 248' 250, 275, 303—308, 
318, 325, 332, 339, 344, 307, 447. 
590, 611, 618, 620 
sulphur, 88, 338 
Neiithead Mines, 186-- ^‘^8 
“ Nestcr,” 105 

Neiidorf mining district, 286 

Neumayer quoted, 358 

Nevada, chamber miiu's in, 105, !(»? 

gold and silver of, 526, r>29, 533, 531, 
557 ; production of, 526 
mineral veins of, 87 
ore deposits of, 69 — 73 
production of prcciou.s metals in, 526, 
529 
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New Ahnmlcn fjuicksilvor mines, 831, 
558 ; production at, 561 
New (Jaledoniri, gold of, 513 
nir'lscl of, 513 

New Ccbar copper mine, 480 
New England, quartz veins of, 90 
New H)iTn[>shire, gold and silver of, 557 
zinc of, 503 

New Idria quicksilver mines, 559 ; pro- 
(itictioii at, 501 

New Jersey, iron ore of, 570, 577 ; pro- 
duction of, 5«iJ 
rinc of, 503, 504 

New Mexico, gold and silver of, 55‘2 : pro- 
duction of, 552, 553, 557 
lignite and ha'iualite of, 581 
Now Snutli Wales, antimony of, 485 
l)isi until of, 485 
copper of, 478—480 
gold of, 7, 409, 474, 475 
iron (O', 485 
lead of, 485 

ore dei>osits of, 474 480 

production of metalliferous mimrals 
ill, 475- 485 
regulus of, 480 
silver of, 470, 178 
tin of, 481, 481 

New York State, iron of, 570 ; ju-oduelifui 
of, 582 

ore deposits of, 50] 
ziiui of, 501 

New Zealand, black sand of, 7 
eopp(5r of, 512 

gold of, 508- 512 ; production of, 508 
---512 

Newberry on aijucoim aseeiision, 87 
on aqui'ous deposition, 8o 
on leaves in gobbdritts, 455 
on ore deposits iii elnmiliers, 105, loO 
rel'ereirce to, 73, 78 
on sources of iron supjOy, 20), *27 
Newfoundland, copper of, 0(8» 
ore deposits of, 008, 009 
Newton on American iron ore, 570 
Ncvvfownauis lead vein, 217 
Nicholls on Dean Forest, 158 
Niclmlson, K , on Ste. Oeiievieve eopper, 
570, 571 

Nicholson, H. A., on gold of ('amnia, 587 
Nickel, sulphide of, 105 
Nickclore, 227 230, 271, 274, 2 m», 301, 
3(48, 389, 404, 430, 513, OOS 
production of, 227, 230, 308, 310, 320, 
323, 331, 341, 389—391, 397, 583 
Nicolson on Indian gold-fields, 414 
Niddcrdale, lead-mining in, 190 
Nimmrtgec copper mine, 480 
** Nipped,” meaning of, 40 
Nohle Lead ami Noble tjuartz formations, 
302—305 

Ndggerath on alluvial gold, 202 

on Alinaden deposits, 375 ; on Nassau 
deposits, 271 


Koggeratb on lead lodes. 202 
Koric iron of Tacitus, 329 
North America ; me Tinted States 
Nortlianiptonsbire, iron of, 109- 173; 
production of, 174 

North (’arolimi; me (’arolina, North 
North (trofty Mine, 121 
North Indian Kuinaun Ironworks, 442 
North Koskear Mine, 121 
Noithiiinherhind, lead and silver of, 180, 
189 ; jnoilnction of, 189 
iron of, 158, 165 
Norway, cohalt of, 390, 391 
copiK'i* of, 386 - 391 
iron and iron pyntis of, 13, 14, 

387— :J91 
lead of, 391 
mines of, 384 
nickel of, 389- 391 
production of mincials in, 385— 391 
silver of, 102, 103, 384—386, 391 
zinc of, 391 

Nottinglmmshue, lead ores of, 29 
Nova Scotia, gold of, 599, 602, 603 
iron of, 602, 603 
mangaiK'sc of, 603 
ore deposits of, 5!M> 603 

]»r<Mlui*1ion ill, 602, 603 
Nuggets, theories respeeting, 459 

0 . 

DfiKiiMosiifK?,, quicksilver mines of, 278 
(Olenbsvnva, ore ihqiosits of, 339 
Ohio, iron of, 581, 582; production of, 
582 

Olah-Lsipos- Tanya, loib'S of, 335, 336 
Did Tdack Mim*, 168 
Old (’arr’.s ( 'rosn-vein, 185 
Old Dobv-frwynog Miiie, 204 
Old Oailg Mi'iie, 191, 192 
Olivine, metals in, 82, S3 
Omilianotf Mine, Finland, 4(>9, 410 
(Ontario Silv,.]- Alining ('ompany, 534 
Oolite, ore de[»osits of, 23, 16t> — 173 
Oolitie irm ores, working ot, in Midlaml 
dLtrict, 172 

Oppel, on mineral veins, 75 
Oran, Inematitc of, 515 
(>rebro iron ore, 3t'7 
Ore against ore, 51 
bunchy, 51 
cliimncys of, 50 
shoots of, ,50 
Ore beds, meaning of, 17 
Ores, association of, in veins, 55 
coi’kade, 43, 30,5 
coui*scs of, 49 
in lodes, 48 
ring, 43 
spherulitie, 43 
Oregon, blaek sands of, 7 

gold and silver of, 557 ; ]»rodnction r)( 
gold in, 542 
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OrojTon, iron of, r»8*2 

; see under Sullivan 
Ore Knob copper mine, 572 
Orif^iii of lead deposits, 189 
Oruro, cop]>er of, 021 
silver of, 620 
tin of, 621 

Otago gold-lields, oOS 
Otto ]., mining in reign of, 279 
Oued'Merdja eoppiu- mines, 517 
Outcrop of lodes, 17, 112, 52 
Oven I’ipe Mine, 176 
Ovoca Valiev, coppt'r of, 212, 211 
gold of, 219 
mines of, 215 — 219 

Owen on I.ake Siipeiior ro])pt‘r region, r>d'< 
Oxfordshire ironstone, 16t* ; prodiielion id 
iron (»re in, 174 

Oxlnnd on einniihar in sulphur, 69 


1 ’. 

I'AcHi’cA mining district, 612 
raeilic slope, gold and silver of, 557 ; pio- 
diiciiotj of, 557 
mining districts of, 519—512 
*' Pacos,” 52 
PaislxTg ore beds, 295 

I’alatinate, <jui(‘ksilver, of the, 277 — 
279 

Palladium, 21^7 

Palfoontology of mim'ral v('ins, 66*, 6»7 
Panulcillo coppi'r mine, 619 
Paragenesisof the “ Hard llranch,” 56, 57 
Parallel lodes, 51 
Pnrholn, strings of tiii ore at, 129 
Parkgate ironst(»ne, 16H 
Park <if Mines, 122-- 125 
I’arkside iron ore, 161 
Paros, mfnl'h’s of, 25S 
Pares Mountain, hluestone of, 217 
‘ er.pper of, 207—211 
l^iseo, sil\er mines fd', 621 
Pastrojjtdt gold diggings, <J22 
lN*a iron ore of Black Pon st, 27 1 
Peak ('o]>per mine, 490 
Pebbles in veins, 44 
PeTiibroke copjter miiH’R, 126 
Penang, tin exjxuted from, 441 
i’ender Park ef)al seam, 167 
Peninsula, gold mines of the, 267 
}5*nn;int rocks, 195 
Pennine (’hain, h-ad mines (>i\ 1S1 
lY-nnsylvania, ropjx r of, 572, 572 
iron of, 576 ; production ('f, 582 
zine of, 564 
P<innystoneK, 165 
IVnyhoiitpren Mines, 198 
Perak, tin of, 412, 444 ; produ< f roji (d, 4 U 
Percy, Dr., refeTvm*** to, 172 
Perran, spathose iron oie of, 155 
Peiranzahuloc mining district, 122 
Peru, cop]»er of, 622 


Peru, gold and silver (»f, 621 ; production 
of, 621, 622 
quicksilver of, 622 

Pestarena gold mines, 242, 214 ; production 
at, 342, 244 

Peters on Kezhanya deposits, 241 
Petlieriek, early mining-tools foniul hy, 
222 

Pettko on llodritseh syenite, 222 
Pet t us on (Jenmin miners in lliitain, 110, 
260 

l’lumiivrsl>erg mine, 225 
Philippine Islands, gohl (>f, 445 
Pliilippstufll, magnetite id', 25 
Phillips, ,1. A., on auriferous qiiaitz of 
Sierra >.’evada, 521 
oil ervslalline MUidslorn'K, 29 
on gohl of Brazil, ti] 2 
on heat of Coiuf lock mines, 522 
oil mimu’ul (hqxt^its and solfalaric 
action, 611 

(»n mine water, 121, 122 
Ph«i nix Miiich, 228, 129 
1‘hosphoric acid in e,luy ironstone, Dh) 
Pho.sphonis ill tin deposits, 97 
Ph>llites, metals ill, 81, 85 
Piedmont, ir(»n of, 25, 251 
J*iette on early mining in tin? Peninsula, 
266, 267 

Pill <m Dueklow’u Mines, 574 
Pilot Knob, Missouri, 57 h — 580 
" PiiH, ” 165 

i’ipe Veins, t>4, P.6)- 192, 465 
Pisehke on Siberian ore dejiosits, 408 
Pisolitie iron ore, 220, 222, 27<) 

Pit<*h blende, 205 
I’ifk.iraiita <»re dejiosits, 49S — 410 
Placers, 2, 2, 8, 2J8, 101 
“I’Jate,” 159 

Platinum, 2, 8, 401, 4 <>2, 4 10, 4 15 
jiroduclion of, 402, tJO 
Plalten tin distiiel, 21 1 
Phittin'ron suhlinial ioii, 8o 
Plea.sant Cret-k reid’s, 46i; 

Plinv on cinnabar, !’.7 1 

f*ii gold-milling in Paly, 242 ; iii 
Sjiaiii, 9.66 

on nictanifeniUH veins, 72 
Pluinosite, 212, 29, 620 
Plunkett on quart /.-mining, m Aiishalia, 
497 

Plyinlunion inetalliO rfxis band, P>9 
Pockets, on; dejx»sits in, 105, 106, 157 
P<dund, ore dejxtsifs (»f, 212, t06, lo'/ 
}»iodnetion of iron in, 407 
Polbermw Mine, 101 
Polgootli tin mine, 126 
Polina, rubellan of, 8) 

Polybasite, .‘>02 205, 222, 617 
I’oiifgih/itid, early mining at, 229, 210 
lead mining at, 228-- 2 1 1 
production of lead and silver at, 
Ponlpi2in, lead anti blemb' of, 255 
I'oiityjrfi.)! ironstone, 196 

1' T >\ 
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Poole on rocfe of Kora Sootia, 600 
Porcelain, plastic clay for, 24 

mineral district, 600 
1 ortland beds, flint veins in, 24 
1 orto Novo Steel and Ironworks, 439 
i ortugal, antimony of, 380 
copper of, 38], 382 
geology of, 379—383 
gold of, 380 
iron of, 382/ 383 
lead of, 380 
manganese of, 3ii3 
production of iniuerals in, 381, 382 
pyrites of, 213, 366 
silver witli lead and copper of, 380 
till of, 382 
zinc of, 380 

Posepny on tlie Suliiieeberg, &c. , 326, 328, 
339-341 


Totosi, coppiir of, 621 
silver of, 620 
tin of, 621 

roullaonen lead mines, 231, 235 
rouyanue on ore dejiusits of Uraii, 516 
Prado, Casiano dc, on Alniadeii, 374 
I'riaii, 117 

J^rinoe. of Waltis Mine, 202, 204 ; protluc- 
tioii of gold at, 204 

Production of imilalliferons inineruls ; see 
nn,(li',r Names of [>la(;es 
Projiylite, 84, 332—340, 530 
l*rovcnc(‘, Comte de, mines woiked by, 
250 

I’ryce on Keton mines, 194 
Przibram, deep shafts at, 31vS 
lead of, 316 

ore deposits of, 317 — .‘>19 
Jhimpclly ami >Sclimi(it on American iron, 
576, 579 

Puiijah, aiirifei'nus sands ol the, 425 
copper of, 433 
iron of, 441 
leml of, 429 

Pyrargyrile, 144, 275, 303-30.S, 318, 32J, 
332, 335, 339, 314, 476, (117, 620 
Pyrenees, iron of the, 246 

milling in, 246 — 248 ; by Hnracens, 
230 


Pyritic Lead formation of Freiberg, 301 
]‘yrolusite, 297, 299, 351, 383, 415 
Pyroniorphite, 59, 301, 305, 3 19 
Pvrostilpnite, 303, 305 
Pyrrliotino, 186, 187, 436 


Q- 

C>rAUTEK-K)iXT Veins, 182, 181 
Quartz-porphyry, 62, 111 — 113 
Quartz reels, 467, 475 
Quebec group, 684, 591, 595, 598, 600, 
608 

Quebni Paiiella metalliferous deposit, 615 
Queen Cbarlotte’s Islainl, rocks of, 603 


QuesMW mines, 227, 228 ; production 
o: lead, silver, and blende at, 228 
Queensland, auriferous districts of, 469 
copper of, 489—491 
gold of, 486—489 
lead of, 494 

production of metalliferous minerals 
in, 487, 494 
tin of, 491, 494 

Quicksilver, 69, 104, 278, 816, 829—331, 
344, 366, 374, 375, 379, 445, 558— 
561, 622 


production of, 278, 279, 331, 341, 357, 
375, 379, 518, 561, 583 


E. 

llATiY on Obessy coppi-r ore, 243 — 246 
Ptaibl, clay slates of, 85 

ore deposits of, 328, 329 
llajputana, cobalt of, 436 
cojiper of, 432 
gold-dust of, 424 

Eaminelalierg deposit, 279, 280, 289 ; 
proiluctioii of, 289 

llanion de Adan y Yarza on Lilhao, 377 
Itamsgate, veins of Hint at, 24 
Uamde iron di'posits, 218 
Puitb on liodritscb syenite, &e., 332, 339, 
350, 351, 384 

Kaymond on mining in United States, 519 
on <jiiicksi!ver of California, 658 
Peauinur on gold sands of tbc Kliine, 231 
Peek on silver of Bolivia, 621 ; of Potosi, 
620 

Bed ealamijie, .313 
Bed gneiss, 65 
Bedear ironstone, 174 
Bedmoor Mine, 144 
Bedruth mining dist rict, 129, 1:12 
“ IhsdV' ineaning of, in Australia, 526 
Beefs, aurifenuis, 465, 511, 512 
sulphur in, HS 

Ib-gnlar and irregular unstratilied deposits, 
30 

Beieh on electric (miiviits in veins, 78, 79 
Beiehetzeron Bainimdsberg ore deposit, 27<S 
Iteichmannstlorf, early gold mining at, 298 
Keiiierz," 277 
Belistian slate, 129 
Bents, or fissures, (*iiuses of, 76 
Kestormel, iron lode at, 137 
Beversed faults, 40 
Beyer on tin, 310, 321, 351, 353, 375 
Kezhanya, ore deposits of, 341 
Bbeidoi, inetalliffroiis V(‘iris of the, 198, 200 
Rhenish co.il-lield, hlaeklKind of, 23 
Prussia, antimony of, 271 
lead of, 28 — 30 

Bhim I’rovinces, jilluvinm of, 274 

g<dd of, 231, 261, 267, 274, 275 ; gold- 
washing in, 275 

lead of, 262 ; production of, 267 
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Eliyl, lead niiiiiug near, 205 
Mchards on gold of Kew South Wales, 
476 

Eichardson on ironstone of British Col- 
umbia, 608 
Eiehmond Mine, 105 

Richmond and Eureka Consolidated Minos, 
638 

Richter and Iliibner on Mexican miin s, 
611, 612 

Richthofen on Comstock region, 529, 530 
on Nagyhdnya lodes, 335 
Rickard on gold of Argentine Republic, 
624 

Rider,” a mining term, 35 
Right-running veins, 184 
L'ing and Silberschmir aMine, 284 
Ringerikes nickel deposits, 389 
Ring ores, 43 
Rioja, mines of, 624 

Rio Tinto, cupriferous pyrit(*s of, 371 — 
373 ; production of, 873 
iron of, 14 — 17 
mining at, 14 — 17, 371 — 373 
Rising ; sen Le Conte 
River diggings, 7 
Kivot on Vialas, 241 

and Zej»penfcld on Rontgiband lead 
mines, 239 

Ro(;kinghnm Forest, iro]i production in, 
172 

Rocky Mountains, gold and silver of, 543 
— 563 ; production of, 553, 557 
mining districts of, 543 
Roddenip Fell Mine, 186 
Rodna, ore dej)Osits of, 330, 340 
Rogers on Pennsylvajiiait cop[ter and iron, 
1572, 677 

Roman C.ravels Mine, 175, 176 

Roman Vein, 174, 175 

Romans, manufacture of iron bv, 3.56 

mining by, 15, 110, 151, 154, 172, 
175, 230, 243, 319, 320, 331, 345, 
351, 353, 361, 366, 371 --374, 380, 
381 

pigs of lead of, 175 
writings of, on mining, 224 
Ronier on iion ore of S]>ain, 3)78 
on rooks of Rio Tinto, 371 
on AVissenbach slate, 286 
Hoof,” meaning of, 18 
K^ros ore-bods, 386, 387 
Rosario copjHT mine, 618 
Rosedale ironstone, l74 
Roscnh'ofer lode-group, 280—282 
Rosing on lod^iS of the Harz, 280 
Kdssler on mineral veins, 7 4 
Rubellan, 84 

Ituhr district, ironstone of, 273 
Kiimpelsl)erg manganese ore, 299 
Kunueroth district, production of lead at, 
267 

Range on Silesian calamine, 314 
Hujiert, Prince, Oerinan miners of, 194 


Russia, chromium of, 410 
cobalt of, 410 
copper of, 403—410 
gold of, 8, 398—401, 407- 410 
iron of, 404 —407, 410 
lead of, 405—410 
manganese of, 404, 405 
nickel of, 404 
phiiiimin of, 402, 410 
production of metaUilVrouft miiuvaU 
in, 400—410 
silver of, 408, 410 
sulphur of, 410 
till of, 408, 410 
zinc of, 406 — 410 

Russian Turkestan, ore deposits of, 408 

S. 

Saalfetai, copptu' schist, at, 296 
Suarhriickcn, ironstone of, 273 
nieimiry of, 277 
Saddles, or anticliiials, 17 
St. Agnes mining district, 63, 132 
St. Aiulreaslusjg, lodes of, 280 

mines of, 284 — 286 ; ])rodnction from, 
28.0 

St. Armmd district, 472, 473 
St. AnMcll, mining distiici of, 135 
sto(!k works of, 99 
Saint-Bcl coj>per mines, 246 
Saint-Hrcuc lead vidim, 235 
St. David K Lode, 203, 2t)4 
St. IvcH e.opper mines, 63 
(lonsolidated Minis, t>r» 

(-'onsols, 126 ; ])rodue,tion of tin on* 
at, 128 

mining di.striet of, 123», 125 
St. .Inst copper iiiineH, 63 

mining district of, 123—125 
St. ,1o!in del itey Company, 614 ; ]ivo- 
dnetion of gold and silver by, 615 
St. Lanr<;nt-1(‘,-Minier, zine mi; of, 2‘>3 
St. IMnnock mines, 140 
Sainte (Jenevieve cojtper dc]>OKit, .570— 572 
Saiiitc-Murie-aux-Mines, h-ad lode at, 23»6, 
237 

Sahi, lead oih; of, 392 ; ])rodue1ion of, 392 
Salamamja, tin ore of, 375 
Saline water in mines, 121, 122 
Salmon on Coniish mining, 123, 126 
Salt Lake distnet, gold of, 534 
SaltiiriiH of the Mediterranean, 84 
Salzlmrg, co])j)(‘r of, 316 
ore deposits of, 323, 

Samson Lode, 285 
Sandlrtirger on country jraks, 66 
on lateral secret 532 
on metals in clay slates, 85 ; from 
mineral sjaings, 87 
on mineral veins, 66- -68, 82 — 84 
on ore df^Josits of the Iflaek Forest, 
273 ; Dilh-nbiirg, 270 ; Nassau, 
271, 272 
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Sandhurst gold-fields, 451 
San Domingos, 381 

Sandstoin*, crystalline, oj’ Connnern, 28 — 
30 

Saiigejhsinson distrif t, 292 ; production of 
cc)j»|ier H<*lii.st in, 29fi 
San Juan, cohalt of, 619 
coj)])(*r of, Cl 8 

Santander, zinc ores of, 366, 370 
Sad Joad d’El Rei mines, 614 
Sarawak, antimony of, 445 
Sardinia, iron of, 356 
lead of, 344 -346 
mangariese of, 354 
silver of, 344 
zinc of, 346, J)47 

Sauvage on fossils of On'eee, 358 
Sax<niy, cavssiterile. of, 95 
magiietile of, 26 
mining in, 27, 300 —312 
stoekwnrks in, 09—101 
tin of, 31 1 

Scal])i, silver ore of, 622 
S<‘un(linavia, geology of, 383 
lak(' ores of, 396 
ore deposits of, 383 — 397 
ju’oduetion of melalliferoiis niiiieials 
in, 385—395 

Scar Limestone, 159, 182, 186-189 
Sehalkau, gold-wasdiings near, 298 
“Schalsteiii,” 270, 272 
Sehaitherg Mine, 327 
S(dieelite, 304 

Scheerer on giMiiite veins, 388 

on Kaafjovd eop]»er mine, 389 ; on 
Kongsl>erg silver mines, 384 
Schell on lodes of the Ihirz, 281 
Schemnilz, eruptive lodes of, 78 
mines of, 332, 333 
])ropylite of, 84 

Schlaekeiiwald mining district, 321, 322 
Selniiidt. on Agonlo, 349 ; lleinzenherg, 
324; Rfundivrsberg, 325; Tyiol, 
327 

on fanlling of lodes, 37 
Scr J’umpelly 

Seliniollnitz, ore ili'posils of, 33<> 

Scliinuek on lead lode at Mies, 31 
Sclineelu'i’g, metalliferous veins of, 81 
mining at, 307, 308 
ore iloiiosits of, 30l 

Sclineeherg (Tvrol), lead and silver of, 
323 

production of blende and zinc at, 326, 
327 

Sehbiifokl tin mining district, 321, 322 
Scholl Itz-Aseheradeii on ore ilepOidts of 
Pitkiminta, 40S 
Schulenherg, clay slates of, 85 
Schuleuherger lode-grouj), 280 — 284 
Sehwurzenherg, iron of, 312 
ore deposits of, 309 

Schwaizenhrnnn, gohl-washings near, 298 
Pcliwaz mining district, 323, 324 


Scotland, blaekband of, 23, 228 

coal-bearing strata of, 228 % 

copper of, 227 
cornstoiies of, 24 
gold of, 224—227 

ironstone of, 230 ; production of, 230 
lead, silver, and nickel of, 224, 227 — 
230 

mining in, 224 — 230 
Serins, 193 

S<‘a, mines under, 121 
Sea beaches, iron sand of, 7 
Sea water, metals in, 84 
Secondary rocks, iron ore of, 22, 23 
Sedgwick on Derhyshin* roi-ks, 19 1 
Segregated veins, 30, 79, 89 
Sell) on the Black Forest, 273 
“Selvage,” meaning of, 31 
Selwyn on Nova Scotia, 600, 603 ; Victoria, 
73, 457 

Sen f ter on Dilleiihiirg district, 270 
Seiit(‘in mines, 246 ; proiluetion of load 
ami blende at, 217 
Sej)laria, 23, 24 

Setjiifnee of minerals in lodes, 53 
Serieite, 85, 26)4 
Seripho, Inematiti' of, 365 
Serpentine of Cornwall, 113 
Servia, eruptive rocks of, 340 
Seveim, 11. A., refereiiee to, 88 
Severn Valley, luetallifiu’ous veins of, 199 
Seymour, (J., on Wyimad gold-fields, 416 
—419 

Shales, argillaceous, load ore in, 191 
Sliai']), S., on Northamptonshire Oolite, 
170 

Sheets of lead ore, 94 

Shelve, lead veins of, 174, 175 

Shepard ami Eights on gold in Oaroliiia, 01 

Shetland, jiroduction ol eopiier in, 228 

Slioots of ore, 50 

Shro])shire, clay ironstone of, 165 

lead of, 174~ -177 ; production of, 176, 
177 

Siberia, gold of, 401, 408 
silver and lead of, 402 
Sicily, sulphur trade of, 213 
Siegen, .spathic iron ore of, 272 
Sierra Alimigrera, galena of, 367 
ore deposits of, 369 

Siemi de Cartagena, ore (h'posits of, 369 
Sierra Morena, iron ore of, 378 
Sierra Nevada, gold of, 520 
gravels oh 4, 6 

Silbernaal Mines, ]»roduetioii at, 289 
Silesia, calamine of, 312 — 315 

eopper of, 312 ; production of, 315 
geology of, 313 
gold of, 312 

iron of, 312 ; production of, 315 
lead of, 312—315 
mining in, 312—315 
silver of, 312 
zinc of, 313, 315 
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Silliniaii <ai Uoilie district, 52C — 528 ; 
^(Arro dc iVoant), Oil, 612; Yu))ii 
liivcr, 520, 52*2 
Silver lioni chamber mines, 106 

early workin^^ of, in liritain, 110 
in (alilbands, 102, 100 ; i!;o.ssans, 53 
from hot-spriii" deposits, tJO 
production of, 133-151, 188--22S, 
235—251, 296, 307- 332, 3-11, 311, 
357, 367, 370—386, 301— 3tl7, lOS, 
410, 417, 472, 478, 518, 533—557, 
583, 580. (ill, 612, 620-621 
>SV’( undrr Names of places 
Silver ddoride, 620 
Silver mce, til 7 
Silver Islet, 588-- 500 
SingapoH', tin exjxuTi'd from, 444 
“Sinopel,” 332 
Sir .lohii Mine, ISit 
Sira mines, 433 
Sitliiiey miniui:; district, 12vS 
Skalkcnvsky cai Ilussian mini's, 308 
Skouea hells, 330 
Skutterud Mine, 300 

Slags, ancient, 151, 172; in Dean Forest, 
156 

Slate, copper lodes in, 117, 125 
eioss-veiiis in, 110 
lamime of, in lodes, 142 
lead on* in, 117 
metals in, 85 

mineral veins in, 111 - 144, 175, 207, 
211, 213, 223, 233 
tin lodes ill, 117 
vt'iii lissures eontainiiig, 100 
and granit(% alteriiatioiis uf, 131 
Slatmisl, galena of, 403 
Slatyhaml, 220 
Sliela'lisides, 10, 185 
“ Slide,” meaning (if, IS, 32 
“ Slip,” imiaiiing of, 1 8 
Sniilhind ere dejio.sits, 3*07 
Smalt iue, 275, 305 
Sniitli, .1. A., on Leadville, 546 
Smitter Dill, min<; at, 187 
Smitty on-, 163 

Smock on American iron ore, 576 
Smvtli, K. Ik, on gold of N'icloria, 73, 
448—457, 467; of the AVynaad, 415, 
416 

Smyth, \V. AV., on gold at (Jlogau, 203 
on iron ores ot Great liritain, 158, 
150 

on milling in (.'anligaiishiie, &c., 107, 
202 

on rocks of Wh klow, 214 
Smailheach Mim*, 50, 176, 177 : production 
of lead at, 177 

Siiowdonian region, gold in, 202 
Soetheer on gold of Africa, 514 ; IJrazil, 
615 ; Chili, 616 ; New Zealand, 508 ; 
Peru, 021 

Solfataras, metals in, 87, 89 
Solfataric action and mineral deposits, 69 


Somersetshire, iron, lead, and zine of, 154, 
155 

Somorrostro, iron ore of, 376, 377 
Sephie Mine, 275 
So 2 >with on lead- mining, 181 
on throw of veins, 185 
South America ; are Anierica, South 
South Australia ; .w Australia, South 
South Caredina ; see Carolina, South 
S]»ain, antimony of, 379 
cohalt of, 379 

copper of, 110, 366, 371 — 374, 379 
gold of, 366, 367, 379 
iron of, 366, 376 — 379 
lead of, lin, 366— 370, 379 
mangaiiesi! of, 379 
metalliferous veins of, 73 
jirodiietion of metalliferous minerals 
in, 367 -379 
pyriti's of, 15, 213 

quicksilver of, 104, 331, 366, 374, 375, 
379 

silve r of, 367, 379 
tin <if, 375, 376, 379 
zine of, 3(91, 370, 371, 379 
Sjiar in veinstojn s, 41 

Insavv, with lead, 199 
Spa those' Iron on', 1.54, 159, 272, 305, 318, 
324, 333, 33S, 340, 355, 582, 597 
SjH'cifie gravity of mica schist, 358 
of mine' water, 121 
Spe'e'ular iron eire, 8ti, 3(i3 -305, 576 
Sjieise*, 294 

Spessart, hhu'k mi('a freim the*, 83 
Spluereesiderite, 23, 3(10, 313, 405 
Spie'ge'hdsen, 154, 155, 577 
Spirife'.r Kaiidstone, 286 
Sjeliea', vein forming a, 200, 201 
Sjirings in redatiem to mineral vtdns, 87 
thermal, eh'posits frein, 69—73, 121, 
122 

StaUbnlshhc, hlackband of, 23, 169 
<*lay ironsteijic of, 165 
eojqier of, 194 
iron orei ('Xjioiti'd to, 169 
Stahlheag inm oiv, 272 
“Slahlerz” (rich mereurv ore'), 330 
Stahieditie foriiiH of iron sinte'r, 59 
Standurel Lode, 126, 127 
Staiihoiee Hum, Kpatlmse^ iron ore*, at, 100 
Staidf on Hiixlegg, 324, 325 ; Salzburg, 
323 ; Tyrol, 327 

on lake* eires, coppeer, and zinc of 
Swe;eh'lJ, 393, 39»> 

Statistics of min(*H ; Mineral Statist j<*s 
Staveih'y coal, 167, 168 
Steiamhoat Sjii'ings, 69 — 73, 87, 88 
Steamboat V^‘l]l(^y, 71, 73 
Steeple Aston ironstone, 169 
Steiiihaide, early gedd-mining at, 298 
Stewart on a<[Ueous deposition of minerals, 
80 

Stihnite, 227, 271, 286, 303, 335—339, 
472. 473, 485, 502, 507, 512, 567 
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Stifft on Billenbiirg strata, 269 
on Nassau iron ore, 272 
“ Stocks, ” 105 

Stockliausen, iron ore bed near, 272 
“ Stockwerks-porphyr,” 100, 311 
Stockworks, 30, 97—102, 108 
Stone impleinents in Oaliforiiian gravels, 6 
Storvarts Mine, 387 
Strabo on British copper, 110 
on cinnabar, 374 
on cold mining in Spain, 366 
Straits Settlements, ore deposits of, 443 
tin of, 444 ; production of, 444 
Stratified and unstratified deposits, 3, 17,30 
rocks, metals in, 85 
Stream tin, 137 

Streamworks, 2, 8—13, 98, 137 
Strength of veins, 190 
Strike of strata, 17, 30 

in hours, explanation of, 2S0 
Strong veins, 185 
Strontiaii lead mines, 227, 228 
SlTUctuve of veins, 41 
Styria, iron of, 316 ; production of, 329 
ore deposits of, 328, 329 
Successioii of minerals in Iode.s, 53 — 60 
Suisgill, gold of the, 224, 226 
Sullivan and O’Keilly on zinc of Spain, 
370 

Sulphates of co[»per and iron in mine 
water, 211 

Sulphide of antimony, 141, 567 
of load, 189 
of mangaiK'se, 339 
of nickel, 165 
Sulphur, 68, 69, 410, 559 
cinnahar in, 69, 559 
in mineral veins, 88 
iron pyrites used for, 599 
production of, 322, 328, 331, 410 
trade and Irish pyrites, 213 
Sulphur Bank, 68, 69, 559 
Sulphur springs in Ooliisa County, 87 
Sulphur vein, 186, 187 
Sulidiurg district, veins of, 275 
Sumatra, gold of, 445 
Superficial d<*posits, 3 
Sutherland gold-fields, 224—227 
Sutro Tunnel, 532 

Sussex, iron of, 13 ; pro<iuctioii of, 172 
Svenningdals Mine, 386 
Swaledale, fossils in vidns of, 67 
lead of, 65, 188—191 
mining district of, 188 
Swallow Wood ironstone bed, 167 
Swansea copper mine, Missouri, 571 
Swollen, cobalt of, 397 

copper of, 393, 394, 397 
pology of, 392 

iron and iron pyrites of, 13, 14, 24, 
25, 394—397 ‘ 
lead of, 892, 393, 397 
magnetite of, 25 
manganese of, 397 


Sweden, nickel of, 897 

ore deposits of, 384—397 
production of metalliferous minerals 
in, 392—397 
silver of, 392, 393, 397 
zinc of, 393, 397 

Szabb on mica schist of Laurium, 358 


T. 

Tabeiig, iron ore of, 395 ; production of, 
395 

magnetite of, 25 

Table Mountain, auriferous gravel of, 524 
Tacitus, Noric iron 329 
Talargoeh lead mine, 195, 205 
Tal-y-Bont Mines, 198 
Tamar district, lead mine.? of, 151 
Tamar Silver- Lead Mine, 151 ; production 
at, 151 

Tamaya, copper mines of, 618 
Tankersley Mine, 167, 168 
Taranaki black sand, 7 
Tarn, metalliferous deposits of the, 243 
Tarnowitz, mines of, 312, 314 
Tasmania, cop])er of, 507 
gold of, 505 
ironstone of, 507 
lead of, 507 

jirodiictiou of metalliferous minerals 
ill, 505—507 
tin of, 505 

Tatatila mining district, 611 
Taiinus, sericite schists of, 85 
Tavernier on tin of Perak, &c. , 443 
Tavistock mining distnot, 63, 1 49 
Taylor, J., on mineral veins, 189 
Taylor, IL, on copper of Africa, 518 
Tealby series, ironstone of, 173 
Teesdale, fossils in veins of, 67 
lead ore of, 65, 182, 188 
mining district of, 188 
Teifi Pools, 199 
Tellemarkeii ore district, 388 
Tenasserim, cobalt of, 436 
copi>er of, 435 
gold of, 425 
iron of, 443 
lead of, 429 
till of, 436 

Tenison-Woods on Queenslanil tin, 492 
Tennantite, 304 
Tennessee, copper of, 573 
iron of, 581 

production of gold, silver, and iron 
in, 557, 582 

Texas, iron of, 582 ; production of, 582 
zinc of, 582 

Thames gold-fields (New Zealand), 511, 512 
Tharsis, pyrites of, 371 — 374 
Theophrastus on cinnabar of Spain, 374 
Theories respecting veins, 74—88 
Thes.saly, chromium of, 365 
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Thirty Yflars’ War, as mining, 

^279, 290, 298, 312,317, 324 
Tliomas, A., on Dean lorest, 158 
Tliompsou on gold from fossil wood, 73; 
from iron pyrites, 459, 460 
on “ pipe veins,” 465 
Thorncliffe Black Mine, 167 
Thorncliffe White Mine, 167 
Three-quarter Balls, 167, 196 
Throw of veins, 18, 185, 190, 191 
Thunder Bay, rocks of, 587 
Thuringia, cop]>er of, 296, 298 ; production 
of, 300 
gold of, 298 

iron of, 298 ; production of, 300 
manganese of, 298 ; production of, 
300 


silver of, 300 
Tiefthal strata, 290 

Tigroney, iron pyrites and chalcopyrih* of, 
214—216 


Tilkerode, iron of, 297 

Tiluian on (Juaiiaxuato mines, 610 

Tincroft, 131 

Tinder ore, 285 

Tin farms, 145, 146 

Tin ground , forest hods over, 12 * 

Tin lodes in granite, 116 ; in slate, 117 
Tin ore in alluvial detritus, 2 ; in granite, 
125 

minerals a.ssociatc.d with, 97 
production of, 110, 125 — 153, 301 — 
334, 354, 357, 376, 379, 382, 408, 
444—447, 473, 484, 494, 507 
Sec uiuier Names of plac(‘s 
Tin oxide in antlers, 12 
Tinstone, granite impregnated ]>y, 96 
Tin streaming, 8 — 13 
Tin streams, gold in, 1 38 
Tin sulphide, 136 

Tin veins in clay slate, 101 ; in relation to 
el vans, 113 

Tishury, veins of flint at, 24 
Toadstoiie, or todtstoiie, 64, 102 
Tombstone mining district, 536 
Topaz associated with tin ore, 97 
Tough Nut Claim, 537 — 540 
Tourmaline in tin deposits, 97 
Towednack, mining district of, 125 
Traiisvafil gold-fields, 514 
Transylvania, arsenic in lodes of, 81 
gold and silver of, 316 
ore deposits of, 338 — 340 
recent mineral veins of, 68 
Tras-os-Montes, ore deposits of, 382 
“Trawns,” meaning of, 118 
Trehra on metalliferous veins, 76 
Trees in Australian drifts, 455 
Tre’rddol mines, 198 ^ 

Ties Puiitius mining district, 616 
Trevithick, mining in Peru by, 621 
Triano, iron ore deposits of, 376, 377 
Trichinopoli, iron ore of, 439 
Trondhjclm, ore deposits near, 386, 387 


“Trouble,” meaning of, 18 
Troutbeck mines, 182 
True veins, 30—89 

iutersectioiis and faults in, 35 
modes of occurrence of, 34 
“ Triimerstoek,” 99 
Tniro mining district, 132 
Tuiiaberg, copper ore of, 394 
Tungsten in tin deposits, 97 
Turin mining district, copper of, 349 
lead of, 344 

production of iron in, 355 
Turley on Amnu'berg zinc mines, 393 
on lake ores of (Jcllivara, 396 
Tuscany, copper of, 104, 850; prodiicfiou 
of, 353 

manganese, of, 354 
1’yndnim, lead mine at, 227 
Tyne-bottom Limestone, 186 — 189 
Tynehead, copper at, 186 
Tyne Valley lead mines, 181 
Tyrol, iron of tin*, 316 
gold of, 324 
mining in, 323—328 
]U'oduction of co]q>er, iron, load, 
silver, sulphur, and zinc in, 328 
Tyrolean fronti(*r, zinc ore at, 347 


IJ. 

Ul.ooi.oo gold-field, 495 
Ulrieli on Aii.strali.-q 469, 470, 495, 500 ; 
New Zi'aland, 509, 510; Bammels- 
berg, 287 

on golil in fossil wood, 73 
“ Underlie,” 20, 31 

United Kingdom, blende of, 202—213, 228 
cobalt of, 230 

copper of, 125—153, 195, 211, 213, 
217, 228 

gold of, 204, 218, 227 
iron and iron i>yrites of, 13, 22, 25, 
135, 138, 14.5, 158, 164, 169, 174, 
197, 213, 223, 230 
le.ad of, 133—228 
magnetite of, 26 
manganese, of, 230 
mines of, 49, 109 
nickel of, 227, 230 

ju-odnetion of rnetallifiirou.s minerals 
in, 125—230 
silver of, 133—228 
tin of, 12.5—138, 145-147, 152, 1.53 
wolfram of, 135, 145, 230 
zinc of, 135, 230 

United States, antimony of, 566, 567, 583 
chromium of, 583 
cobalt of, 583 
copper of, 568 — 576, 583 
gold of, 106, .519—557, .583 
iron ore of, 13, 22, 563, 576 — .583 
lead of, ,541, 543, 546, 561— 565, 583 
manganese of, 683 
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United States, nickel of, 583 

production of metalliferous minerals 
in, 626—583 

quicksilver of, 558 — 561, 583 
silver of, 106, 619—553, 557, 683 
till of, 565, 666 
zinc of, 563—565, 577, 583 
Geological Survey quoted, 530 
Upper Lias clay, ferruginous beds of, 169 
“ Uptlirow,” nieauiiig of, 18, 19 
IFral ^Mountains, geology of, 398 — 400 
gold and platinum of, 8, 398 — 405 
magnetite of, 26 
remains of extinct animals in, 8 
vein mining in, 8 

Uranium ore, 145, 308 ; production of, 
316, 320, 322, 331 
Utah, antimony of, 567 

bullion production of, 534 
chamber mines in, 105, 107 
production of gold and silver in, 557 ; 
of lead, 563 

Uto, iron of, 25, 395, 390 


V. 

Valk of Neath fault, 105 
Vallalta, (piieksilver mining ut, 344 
V^alongo, tin of, 382 
Val T<*ppa gold iniiios, 343 
Vancouver Island, rocks of, (508 
Van Mine, 202 

Vedi'in district, iron mines of, 251 
^^*gctal)l(; (^’eek, bismuth of, 4S6 
lin'l)cnring wash-dirt of, 482 
Vegclaltlc matter and ferric liydrutes, 14 
Vein cjip])iiigs, 52, 53 
V»*in jissuies, 44, 199 
Vein formations, 51 
V<‘in types, 54 

Veins, age of, 3(5, 39, 58, 67, 80, 83, 113, 2 J1 
elect rie. eurreuts in, 78 
flint, 24 

forniing s}>Iiee, 20l 
gash, 30, 92 

in ivsp(!et to level of stiata, 185 
interseetioii of, 124 
quartz, 41, 68, 90 
segregate*!, 89 
structure of, 41 
theories respecting, 77* -88 
true, 30—89 
Veinstone, 2, 41 

hreeeiated, 197, 201 
com position of, 41 
country rock in, 41, 42 
derivation of, from eimntry rock, S2 
niieroseo]>ic examination of, 41, 42 
\%mezuelaii (Jiiiana, gold of, 623 
Veivinigt-Fekl Mine, production at, 307 
Vermont, coj>j)er of, 575 

iron of, 582 ; prodnetiou of, 575 
Vet a liiseaina, 612 


Veta Madre, 610 

Vialas mines, 241 — 243 ^ 

Vicenza mining district, 349 
Victoria, antimony of, 473, 474 
auriferous gravels of, 7, 453 
copper of, 473 
gold of, 73, 448—474 
lead of, 472 

production or metalliferous minerals 
in, 457, 471—474 
silver of, 472 

sulphur in antimony reefs of, 88 
tin of, 473 

Vieille Montague Uojnpaiij^ 257, 269 
VigraMino, 202 — 204 
Villefort lead mines, 241 
Ville on mining in Algeria, 516 
Virginia, copper of, 573 
gold and silver of, 557 
iron of, 582 ; production of, 582 
sulphur in gold mines of, 88 
AVest, irtm orii of, 582 
Virtuous Lady Mine, 145, 212 
Vitriol ochre, 289 
ore, 316 

Vitruvius ou einnahar of Spain, 374 
Vorospatak, mining at, 340 
Vosges, etmtaet deposits in the, 104 
iron of, 238 

metalliferous deposits of, 235 — 238 
“ Vnghs,” 41 


\V. 

\Vai>, 297 

Waggon Spring Cut, 559, 560 
Wales, clay ironstones of, 165 
copper of, 202 
gold 202—204 
iron of, 195- -197 

lead veins of, e-oinpared with Cornwall, 
202 

milling in, 110, 195 — 211 
ore <h‘])osits of, 195—213 
Nortli, ]»rodue,tion of gold in, 204 
silver in, 204 

South, coal measures of, 195 
eoriistoiH's of, 24 
iron ore of, 197 
iron ore exported to, 169 
red luematite of, 195 

Wallace on Alston Moor, 182, 183, 189, 192 
on deposition of lead oiv, 79 
on formation of ores by water, 89 
Wallaroo copper mines, 498, 499 
Wallerawang, iron ore of, 485 
Wall’s Lode, 217 
Walter on Ag*>rdo Mine, 349 
Wunlock Head lead mines, 227, 228 
Washington Territory, production of gold 
and silver in, 557 

Water in relation to mineral deposits, 3, 22, 
59, 69, 73, 79—82, 89, lu7, 108, 189 
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\Vuter, ct)p]>et from, 217 
mines under, 124 
Waterford copper mines, 223 
Watson, Bishop, on early use of blasting, 
194 

Waverley Mine, 464 
Weak veins, 185 

Weald, iron of, 13, 23 ; production of, 172 
Weardalc, fossils in veins of, 67 
iron of, 155, 159 
lead of, 182 
mining district of, 188 
Wcardale Iron Company, 100 
Weaver on gold of Ireland, 219 
on rocks of Ti^roney, &c., 215 
Weissenbach on sequence of vein mateiial, 
54 

“ Weisses Gebirgc,” 202, 204 
“ Weisslicgcndes," 23, 290—295 
Welkenradt zinc ore, 258 
Wellmich vdiite rock, 204 
“ Welsh Potosi,” 198 
Weltz quoted, 384 
Wendron mining district, 128, 129 
Weiigen and Werfenbeds, 330 
Wenlock shales, 199 
Wensleydalc, fossils in veins of, 67 
lead veins ol‘, 190—192 
Wenzel Mine, 274 
Woj-mlfind iron ore, 395 
Werner on u<jiu;ous deposition of minerals. 

79 

on metalliferous veins, 74, 70 
Wesley Brothers, mining by, 4 i<2, 4S3 
West ('’liiverton jMine, 133 
AVestern Australia; -sec Australia, Western 
Westmanland iron ore, 397 
ore de[K.>,sits of, 392 

A\ esfinorehuid, lend and silver of, 180,189 
Westplialia, blackband of, 23 
iron of, 272 
ore dej;osits of, 201 
production of lead in, 207 
A\est Virginia ; .sw; Virginia, West 
Wetzlar, lia-matite of, 271 
AVexford, co])per ami lead of, 217 
AVharfcdale, lossils in veins of, 07 
lead of, 190 
“ AVlietst(}ne,” 62 
AVhin Sill, 182, 180—191 
AVhite-bed Aline, 105 
AVhiteliavcji, coal m<*asiircs of, 158 
red hfcmatitc of, 100—103 
*‘AVhite Itoeks,” 195 
AA’^hitncy on auriferous gravels, 4 
on gash veins, 94 

on Lake Sui)crinr copper region, 568 
on United States ore deposits, 4, 69, 
520, 553, 501-563, 573-575 
^cc also Fosb'r 

AA7ij-oo quartz vein, 403, 473 
AVicklow, co})per of, 217 
gold of, 218, 219 
lead of, 217 


AVieklovv, mines of, 213 — 219 

production of copper and iron in. 217. 
223 

Wiklberg lead mines, 262 
Wildemanii, ore deposits of, 279 
Wilkinson on gold, 469, 474 ; experiments 
on gold by, 460 

Williams on antimony in Arkansas, 567 
on imoduetioii of metals, &c., in 
IJnited States, 583 

Willkoinin on Alniaden deposits, 375 
Wiltsliiro, brown haematite of, 169 
production of iron ore in, 174 
Wiminer on the Bammelsbcrg, 280 
AViiidakiewicz on Kremiiitz, 384 
AViiitle on tin of Tasmania, 505 
AA^iscoiisin, eojjper of, 575 

iron of, 582 ; ju’oductioii of, 5S2 
lead region of, 561 
Wissenbaeb slate, 280 
Wolfaeh mining district, 274 
Wolfram, 135, 145, 280, 310, 311 

ju'oduelioii of, 135, 145, 230, 310, 322, 

AVombat Hill claim, 457, 458 
AVoud, fossil, gold ill, 73 
silicified, 5 

Wrexham, lead ujining jiear, 205 
A\ ye Valley, inetullifcroiis veins of, 199 
AV ynaa<l gold-tiebls, 413 

suljdjur eiystals from, 88 
ASymning, gold and silver of, 552, 557 

V. 

VoitKOALK rocks, 100—102 
A’oik.shire, ironstone of, J 05— 169, 173 
lead of, 1 82, ] 90- 1 92 
pioduetioTi of ironstojio in, 109 • of 
lead and fi Ivor, 192 ' 

silver of, 192 

A <juiig on goJ(J in India, 414 
A'ubu Kiver j/Iacers, 520-- 523 

Z. 


/acatkoas, silver lodes of, 01 U 
Zeclistein, 27, 28, 291 291 

Zell, gold mim-H of, l',24 
Zellerleld, lodes of, 279- 281 
Zej)penfeld ; .sv^? Kivot 
Zimim rman on mineral veins, 37, 75 
Zin<‘ ore, jn'oduction of, 135, 230 251 — 
269, 289, 301-331, 341 -300, 379, 3^] 
393, 397, 400—410, 502, 518, 505, 583 

^ See ‘UTi.fler Kam<‘S of j))ae)!s 
Zinken on the IJarz, 280, 297 
Ziniiwald, stoekworks in, 99 — 101 

tin of, 310, 311 ; j.iodmdion of, 311 
Zirkel on (V»m.sto( k rocks, 530 
Zomelahuucan mining district, OJl 
Zorge, iron of, 297 

Zweibrucken, quicksilver iiiiues of, 278 

Zwitter,” 100, 311 
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